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INTRODUCTION 



INTRODUCTION 



1.1 SYSTEM OVERVIEW 

The TRS-80 Model 4P Microcomputer is a complete, self-con- 
tained portable (transportable) version of the popular TRS-80 
Model 4 Microcomputer. It provides a carrying/protective case 
which has a recessed carrying handle, removable front cover 
which protects the CRT and disk drives and serves as a base 
when in the portable configuration, and self-contained key- 
board conveniently stowed away in a recess in the main case. 
Power cord, floppy disk and manual storage are provided in- 
side the removable cover/base. All connections to peripheral 
equipment are made at the rear of the Model 4P and optjonal 
feature connections are made by removing a rear cover plate. 
Proper care and handling must be observed to prevent damage 
to the computer. 



The Model 4P is 100% compatible with all Model III and Model 
4 disk software. System capability for Model III compatibility in- 
cludes: Z80A CPU, 2 MHz operation, programmable RAM to 
emulate ROM for BASIC operating system, memory-mapped 
keyboard, memory-mapped video with 64-character by 16-line 
display, and full 48K Random Access Memory (RAM). Model 4 
compatibility includes: Z80A CPU, 4 MHz operation, memory- 
mapped keyboard in upper memory, memory-mapped video in 
upper memory with 80-character by 24-line display, standard 
64K RAM expandable to 128K RAM. Other standard features 
of the Model 4P which were options on the Model I II and Model 
4 are built-in FDC Circuit with two 1 84K Flo ppy Disk Drives and 
an RS-232-C Serial Communications Interface Circuit. 

1.2 OPTIONAL FEATURES 



Optional features available on the Model 4P include: 640 by 
240 pixel High Resolution graphics Board, Direct-connect, 
auto-dial, auto-answer 300 bps Modem Board. The Model 4P 
does not support cassette operation or external Floppy Disk 
Drive. 
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1.3 SYSTEM BLOCK DIAGRAM 

The System Block Diagram (Figure 1.2) shows the various internal components and connections of the Model 4P 
Microcomputer. 
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Figure 1-2. Model 4P Block Diagram 
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SPECIFICATIONS 



2.1 MICROPROCESSOR: 4 MHz Z80A, 8-bit CPU 



Memory: 
Keyboard: 

Video Display: 



Floppy Disk Drives: 



64K RAM bytes, expandable to 128K bytes 4K boot ROM, 2K video memory 

70-key standard typewriter keyboard, including 1 2-key numeric entry keypad. Special keys include 
BREAK, CTRL, CAPS, CLEAR, plus three programmable special function keys (F1, F2, and F3). 

High-resolution 9" black and white display monitor with 64 or 32 characters per line by 1 6 lines in 
Model III mode and 80 or 40 characters per line by 24 lines in Model 4/4P mode. Displays upper 
and lowercase ASCII characters, with descenders, 96 special characters, 64 alternate characters, 
64 graphics characters, plus reverse video of all ASCII alpha-numeric characters. 

Two built-in single-sided, double-density 5-1 /4" thin-line floppy disk drives. Each drive stores up to 
1 84K bytes. Data transfer rate is 250K bits per second. 



2.2 PERIPHERAL INTERFACES 



Standard: 



I/O BUS for connection of hard disk and other peripherals. 

Serial Interface (RS-232-C port) One RS-232-C Serial Communications interface port which allows 
asynchronous and synchronous transmission. Mates with DB-25 connector on back of the Model 
4P. 

Parallel Printer Interface Connection to a line printer via the 34-pin connector on the back of the 
Model 4P. 



Optional: 



640 x 240 High- Resolution graphics board 

Auto-answer Modem (300 baud) 

2.3 POWER REQUIREMENTS 

105- 130 Vac, 60 Hz 
240 Vac, 50 Hz (Australian) 
220 Vac, 50 Hz (European) 
Grounded Outlet 

Maximum Current Drain: 1.7 Amperes 

Typical Current Drain: 1 .5 Amperes 

2.4 OPERATING TEMPERATURE: 55 to 80° F (13 to 27° C) 

2.5 DIMENSIONS: 9.3" H x 1 6.5" W x 13.25" D, 26 lbs carrying weight. 
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DISASSEMBLY/ ASSEMBLY 



3.1 OVERVIEW AND CASE 

The Model 4P is modular in construction in that it can be disas- 
sembled in major component blocks after removal of the case 
cover. These major component blocks include the disk drives, 
the power supply, main CPU board, the CRT display, and the 
monitor board. Accessory components such as the power cord, 
additional diskettes, and operating manual can be stored in 
convenient recesses in the removable front cover/base. This 
cover/base provides protection for the C RT and disk drives dur- 
ing transport. It also serves as the base in the non-operating po- 
sition of the computer. 

The cover/base is held in place with snap locks on each side. 
These locks are positive action with a protective boss to pre- 
vent accidental opening of the cover/base. To remove, merely 
unsnap the lock and release the catch from the main assembly 
latch. The following procedures are noted in sequential order 
required to provide access to some of the components. Some 
parts removal does not require previous steps. Those which do 
are noted. For reassembly of unit, reverse order of disassembly 
instructions. 

1 . The main assembly of the Model 4P has a removable 
cover which allows access to all internal components when 
removed. Remove all connections to the rear of the unit. 
These include the AC power cord, printer cable, I/O port 
connector, and RS-232-C connector. The printer cable and 
I/O port connectors are edge card type connectors — ex- 
ercise care in their removal. 

2. Place the unit Bezel/CRT face-down on a soft surface to 
prevent da mage to the C RT. 

3. The case is held in place with six screws. Remove two 
screws from either side of the case at the front of the unit. 
To gain access to the last two screws, press down on one 
end of the carrying handle and then lift the handle from its 
recess. The final two case mounting screws are accessible 
under the handle assembly. These two screws attach the 
handle assembly as well as the case to the internal rear 
mounting plate. 

4. After removing all six screws, lift the cover off the co mputer 
and set it aside for reassembly. Exercise care to prevent 
scratching or damaging the cover. 

3.2 INTERNAL REAR MOUNTING PLATE 

1 . Remove the case from the unit as noted in Paragraph 3.1 

2. The rear mounting plate serves to provide mounting for the 
case carrying handle and protection for the C RT. There are 
ten mounting screws which attach this plate to the main 
metal chassis of the computer. Four screws (Item 53 on 
exploded view p. 1 44, two on each side) mount the handle 
support (Item 1 6) and are accessible from the LH and RH 



side of the unit. With the rear of the unit toward you, two of 
these screws are located at the left just in front of the Disk 
Drive Assembly and accessible from the left side of the 
chassis assembly. The two on the right are accessible from 
the rear of the chassis assembly. 

3. Six other screws are located around the outside edges of 
the rear mounting plate. Remove the plate and set it aside 
for reassembly. 

3.3 FRONT BEZEL 

1 . The front bezel can be removed from the unit after the case 
and rear mounting plate have been removed as noted in 
Paragraphs 3.1 and 3.2. 

2. Pull the brightness and contrast knobs off the pots from the 
front. 

3. The rear mounting plate removal allows access to the six 
bezel-mounting screws. Four screws attach to the outside 
flanges of the metal chassis. The other two screws are lo- 
cated to the right of the metal partition separating the Disk 
Drives from the CRT section of the unit. Access to these 
two screws is with a long shank 1/4" nutdriver above and 
below the fan assembly. 

4. Once these six screws are removed, re move the bezel and 
set it aside for reassembly. Exercise care in handling to 
prevent scratching or marring the surface. 

3.4 TOP COVER/POWER SUPPLY 

1 . The Power Supply for the Model 4P is located on the un- 
derside of the top cover. Remove the case and rear ter- 
minal plate as noted in Paragraphs 3.1 and 3.2. 
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Figure 3-1. Bezel Mounting Screws 



13 



2. The cover is attached to the metal chassis with six screws. 
Remove these screws and then flip the cover to the right. 
A convenient arrangement for storing the cover/power 
supply while working on other modules is to reattach the 
cover/power supply to the chassis with two screws, allow- 
ing the assembly to rest above the disk drive assembly. 

3. The power supply is attached to the top cover with four 
screws. Remove the connectors attached to the power 
supply at the left and then four screws to remove the sup- 
ply completely from the unit. 

4. When reassembling, ensure that the mylar insulator is po- 
sitioned between the power supply and the top cover to 
provide proper insulation. 

3.5 CATHODE RAY TUBE 

The CRT is mechanically attached to the metal chassis with 
four screws which are accessible from the front of the unit. 

1 . Remove the case rear terminal cover, and top cover/power 
supply as noted in Paragraphs 3.1 , 3.2, 3.3, and 3.4. This 
allows access to the connections on the CRT. 

2. Disconnect the deflection yoke cable from the CRT PC 
board. 

3. Disconnect the connector on the rear of the CRT neck 
which is attached to a small PC board. 

WARNING 



The anode of the CRT may have a high voltage charge. 
Before removing the high voltage (anode) lead, discharge 
the CRT as follows to prevent a serious shock. Connect 
one end of a wire to a known good ground and the other 
end of the wire to the metal shaft of an insulated-handle 
screwdriver. Insert the screwdriver blade under the suction 
cup and touch it to the clip holding the high voltage lead. 

4. Disconnect the high voltage lead by inserting a grounded 
screwdriver under the cup. Use the screwdriver to com- 
press the clip and pull the wire free. 

5. Disconnect the ground wire (fastened at the splice) to the 
CRT neck connector PCB. 

CAUTION: 



If the CRT is dropped, it may implode. To avoid this kind of 
accident, carefully support the CRT when removing it from 
the chassis. Do not handle the CRT by the neck as this 
may cause the tube to break and cause personal injury. 



6. Remove the four screws and washer from the front of the 
CRT which attach it to the metal chassis. Carefully slide the 
CRT out of the chassis through the front. 

3.6 SWEEP BOARD 

The CRT Sweep Board is accessible after the C RT is removed 
from the unit. It is mounted to the left side of the metal chassis 
with four screws. An insulated plate is located between the PCB 
and the metal chassis. Make sure this plate is in place on 
reassembly. 

3.7 MAIN LOGIC PCB 

The main logic PCB is a large board nested inside a metal pan 
at the bottom of the main metal chassis. To gain access to this 
assembly, remove unit parts as noted in Paragraphs 3.1 and 
3.2. It is not necessary to remove the power supply assembly, 
or the CRT and associated PCB. Remove all connectors at the 
rear of the unit. These include the Modem connector, I/O port 
edge-card connector, printer edge-card connector, and floppy 
disk edge-card connector. 

1 . There are four screws on each side of the metal PCB 
mounting pan which attach the pan to the metal chassis. 
Remove these screws and the board and pan can be re- 
moved as a subassembly from the chassis. 

2. At the front of the board, remove the four connectors at the 
left front of the board. These include the reset, video, and 
power connectors, and a grounding wire. 

3. Nine screws attach the main logic PCB to the metal pan. 
The board is spaced away from the pan with raised bosses 
stamped into the pan. 

3.8 KEYBOARD ASSEMBLY 

1 . The keyboard assembly i s attached t o the M a i n Logic PCB 
with a connector located at the right rear of the board. The 
PCB must be removed from the pan to allow this connector 
to be removed. Therefore, disassembly procedures for the 
main PCB must be followed. 

2. The keyboard assembly is disassembled by removing the 
7 mounting screws from the underside of the assembly. 
One of these screws is under a cork non-skid strip and care 
should be taken in removing this strip so that it is not ripped 
or punctured. 

3. Remove the top cover, lift the keyboard PCB from its po- 
sitioning bosses, and then remove the keyboard 
connector. 
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If the cable assembly requires replacement, feed the con- 
nector through the opening in the keyboard base, then in- 
stall a tiewrap around the cable just before the insulation 
sleeve. This serves as a strain relief for the cable when the 
keyboard is reassembled. Ensure that this tiewrap is in the 
recess between the opening in the case and the clamping 
bosses on the bottom of the case. 

Also ensure that on reassembly the PCB is properly posi- 
tioned on the bosses of the base before attaching the top 
cover. 




DISK DRIVE 
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KEYBOARD 
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Figure 3-2. Keyboard Cable Strain Relief 



3.9 DISK DRIVE ASSEMBLY 

The disk drive assembly contains two floppy disk drives. It must 
be removed as a subassembly to the main metal chassis before 
the mounting screws for the drives themselves are accessible. 



Figure 3-3. Disk Drive Assembly 
RH Side View 



3.10 CONTROL MODULE 

The control module is attached to the left front of the metal 
chassis with two screws. Remove component parts as noted in 
Paragraphs 3.1, 3.2, and 3.3 to allow access to the control 
module. 

1 . The module contains the unit power switch, reset switch, 
and brightness/contrast controls for the CRT display. All 
wiring to the control module is the plug-in kind attached to 
terminals or connectors from the rear of the module. 

2. If the module is to be removed, tag all wiring so that proper 
reassembly is assured. 



1. There are seven mounting screws which attach this 
subassembly to the main metal chassis, all of which are 
accessible from the right side of the unit. Four of these are 
located at the top of the assembly. Two screws are located 
under the disk drive assembly at the front, but accessible 
with a long shank screwdriver from the right side. A sev- 
enth screw mounts a tab to the metal chassis at the rear of 
the assembly. 

2. After this subassembly is removed from the unit, screws 
which mount the drives in the housing are accessible. 
There are two screws at the top and one at the bottom. 

NOTE: 

Do not place a screw in the bottom rear mounting hole 
when reinstalling the disk drives into the metal housing. In- 
stallation of this screw can cause possible flexing of the 
drive and alignment problems. 
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Figure 3-4. Control Module 
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MAINTENANCE/TROUBLESHOOTING 



4.1 INTRODUCTION 

This section is a general guide for use by service personnel. It 
contains the Maintenance and Troubleshooting procedures 
necessary to help isolate the problem area to a faulty board or 
subsystem. After board or subsystem has been identified, refer 
to specific section for more detailed troubleshooting 
information. 

Refer to the schematics and the theory of operation during 
maintenance and troubleshooting for specific checkpoints and 
testing. 

4.2 MAINTENANCE 

The only part of the Model 4P that requires maintenance is the 
two Floppy Disk Drives. Periodical cleaning of the Read/Write 
Heads are recommended to assure error-free operation. For all 
other maintenance or alignments required, refer to Section 5.3 
Mini-Disk Drives Maintenance Checks and Adjustments. 

4.3 TROUBLESHOOTING 

Please be sure that the power cord is properly connected to AC 
power before starting troubleshooting. 

1. Turn Model 4P "ON" by toggling power switch. If power 
light indicator is on then go to 4, if not, go to 2. 

2. Recheck AC power and power cord. If okay go to 3, if bad 
replace or repair. 

3. Check power switch and bulb. If okay go to 1 , if bad replace 
power switch or bulb. 

4. Wait a few seconds for CRT to warm up. Adjust brightness 
and contrast at the front of console. If video display comes 
on go to 9, if not go to 5. 

5. Check power switch. If okay go to 6, if bad replace. 

6. Check for AC power at i nput to power supply. If okay go to 
7, if bad replace or repair AC wiring harness. 



10. Does message "Close the Floppy Drive Door And Try 
Again" appear? If yes, go to 17, if not go to 11. 

1 1 . Does message "The Floppy Disk Drive Is Not Available" 
appear? If yes then go to 1 9, if not go to 1 2. 

12. Does message "CRC Error, Try Again Or Use Another 
Disk" appear? If yes then go to 19, if not go to 13. 

13. Does message "Seek Error, Try Again Or Use Another 
Disk" appear? If yes then go to 19, if not go to 14. 

14. Does any other message appear? If yes then refer to Ap- 
pendix B Startup Error Messages in Introduction to Your 
Disk System TRS-80 Model 4P, if not then go to 5. 

15. Insert Write Protected Diskette with TRSDOS 6. 1.1 or later 
into Drive 0, close door and toggle RESET Switch. Does 
4P boot up to TRSDOS Logo and prompt for date? If yes 
then go to 1 8, if not then go to 1 6. 

16. Does message "The Floppy Disk Drive Is Not Ready" still 
appear? If yes then go to 17, if not then go to 10. 

17. Try to boot again or use another diskette. If okay go to 18. 
If still same message then go to 1 9. If another message ap- 
pears, go to 9. 

18. This indicates that the problem area exists on the Main 
Logic CPU Board. Refer to Section 5.1 .17 or 5.2.17 CPU 
Board Troubleshooting for more detailed troubleshooting 
procedures. 

19. This indicates a hardware failure of Floppy Disk interface 
or Floppy Disk Drive. Refer to Section 5.1.17 or 5.2.17 
CPU Board Troubleshooting or Section 5.3 Mini-Disk Drive 
Maintenance Checks or Adjustments. 



7. Check power supply for correct output voltages. (Refer to 
Power Supply Section 5.4.) if okay go to 8, if bad refer to 
Power Supply Troubleshooting 5.3.4. 

8. Check for video and sync sig nals from Main Logic Board at 
J9. (Refer to CPU Board Section and Schematic.) If okay 
refer to CRT Display Adjustment Section 5.5.2, if bad refer 
to CPU Board Troubleshooting Section 5.1 .17 or 5.2.17. 

9. Does message "The Floppy Disk Drive Is Not Ready" ap- 
pear? If yes go to 1 5, if not go to 1 0. 
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4P THEORY OF OPERATION 



5.1 CPU THEORY OF OPERATION 

5.1.1 Introduction 

Contained in the following paragraphs is a description of the 
component parts of the Model 4P CPU. It is divided into the log- 
ical operational functions of the computer. All components are 
located on the Main CPU board inside the case housing. Refer 
to Section 3 for disassembly/assembly procedures. 

5.1 .2 Reset Circuit 

The Model 4P reset circuit provides the neccessary reset 
pulses to all circuits during power up and reset operations. R25 
and C21 8 provide a time constant which holds the input of U1 21 
low during power-up. This allows power to be stable to all cir- 
cuits before the RESET* and RESET signals are applied. When 
C218 charges to a logic high, the output of U 121 triggers the 
input of a retriggerable one-shot multivibrator (U1). U1 outputs 
a pulse with an approximate width of 70 microsecs. When the 
reset switch is pressed on the front panel, this discharges C218 
and holds the input of U 121 low until the switch is released. On 
release of the switch, C218 again charges up, triggering U121 
and U1 to reset the microcomputer. 

5.1.3 CPU 

The central processing unit (CPU) of the Model 4P microcom- 
puter is a Z80A microprocessor. The Z80A is capable of run- 
ning in either 2 MHz or 4 MHz mode. The CPU controls all 
functions of the microcomputer through use of its address lines 
(A0-A15), data lines (D0-D7), and control lines (/M1, /IOREQ, 
/RD, /WR, /MREQ, and /RFSH). The address lines (A0-A15) 
are buffered to other ICs through two 74LS244s (U68 and U26) 
which are enabled all the time with their enables pulled to GND. 
The control lines are buffered to other ICs through a 74F04 
(U86). The data lines (D0-D7) are buffered through a bi-direc- 
tional 74LS245 (U71) which is enabled by BUSEN* and the di- 
rection is controlled by BUSDIR*. 

5.1.4 System Timing 

The main timing reference of the microcomputer, with the ex- 
ception of the FDC circuit, comes from a 20.2752 MHz Crystal 
Oscillator (Y1). This reference is divided and used for gener- 
ating all necessary timing for the CPU, video circuit, and RS- 
232-C circuit. The output of the crystal oscillator is filtered by a 
ferritte bead (FB5), 470 ohm resistor (R46), and a 68 pf ca- 
pacitor (C242). After being filtered, it is fed into U126, a 16R6A 
PAL (Programmable Array Logic), where it is divided by 2 to 
generate a 1 0. 1 376 MHz signal (1 0M) for the 64 X 1 6 video dis- 
play. U126 divides the 20.2752 MHz by 4 to generate a 5.0688 
MHz signal (RS232CLK) for the baud rate generator in the RS- 
232-C circuit. The CPU clock is also generated by U 126 which 
can be either 2 or 4 MHz depending on the state of FAST input 



(pin 9 of U126). If FAST is a logic low, the 20.2752 MHz is di- 
vided by 1 which generates a 2.2752 MHz signal. If FAST is a 
logic high, the 20.2752 MHz is divided by 5 which generates a 
4.05504 MHz signal. The CPU clock (PCLK) is fed through an 
active pull-up circuit which generates a full 5-volt swing with fast 
rise and fall times required by the Z80A. U126, the 16R6A PAL, 
generates all symmetrical output signals and also does not al- 
low the PCLK output to short cycle or generate a low or high 
pulse under 1 1 nanoseconds which the Z80A also requires. 
Refer to System Timing Fig. 5-2. 

5.1.4.1 Video Timing 

The video timing is controlled by a 1 0L8 PAL (U1 27) and a four- 
bit synchronous counter U128 (74LS161 ). These two ICs gen- 
erate all the necessary timing signals for the four video modes: 
64 x 1 6, 32 x 1 6, 80 x 24, and 40 x 24. Two reference clock sig- 
nals are required for the four video modes. One reference 
clock, the 1 0.1 376 MHz signal (1 0M), is generated by U 1 26 and 
is used by the 64 x 1 6 and 32 x 1 6 modes. The second refer- 
ence clock is a 1 2.672 MHz (1 2M) signal which is generated by 
a Phase Locked Loop (PLL) circuit and is used by the 80 x 24 
and 40 x 24 modes. The PLL circuit consists of U 1 47 (74LS93), 
U148 (NE564 PLL), and U149 (74LS90). The original 20.2752 
MHz clock is divided by 16 through U147 which generates a 
1 .2672 MHz signal. The output of U 1 47 is reduced in amplitude 
by the voltage divider network R27 and R28 and the output is 
coupled to the reference input of U 148 by C227. 

The PLL (NE564) is adjusted to oscillate at 1 2.672 MHz by the 
tuning capacitor C231. This 12.672 MHz clock is then divided 
by 10 through U 149 to generate a second 1 .2672 MHz signal 
which is fed to a second input of U148. The two 1.2672 MHz 
signals are compared internally to the PLL where it corrects the 
12.672 MHz output so it is synchronized with the 20.2752 MHz 
clock. 

MODSEL and 8064* signals are used to select the desired 
video mode. 8064* controls which reference clock is used by 
U127 and MODSEL controls the single or double character 
width mode. Refer to the following chart for selecting each 
video mode. 



8064* 


MODSEL 


Video Mode 








64x16 





1 


32x16 


1 





80x24 


1 


1 


40x24 



*This is the state to be written to latch U89. Signal is inverted 
before being input to U127. 
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r 
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RS232CLK r 
U126 PIN 17) J 



DCLK, the reference clock selected, is output from U 1 27. DCLK 
is fed back into U127 for internal timing reference and is also 
fed to the clock input of U 1 28 (74LS 1 6 1 ) . U 1 28 is configured to 
preload with a count of 9 each time it reaches a count of 0. This 
generates a signal output of TC (1 28 pin 1 5) that occurs at the 
start of every character time of video output. TC is used to gen- 
erate LOADS* (Load Shift Register). QA and QC of U 128 are 
used to generate SHIFT*, XADR7*, CRTCLK and LOAD* for 
proper timing for the four video modes. QA, QB, and QC which 
are referred to as H, I, and J are fed to the Graphics Port J7 for 
reference timings of Hires graphics video. Refer to Video Tim- 
ing, Figs. 5-3 and 5-4 for timing reference. 

5.1.5 Address Decode 

The Address Decode section will be divided into two subsec- 
tions: Memory Map decoding and Port Map decoding. 

5.1.5.1 Memory Map Decoding 

Memory Map Decoding is accomplished by a 1 6L8 PAL (U1 09). 
Four memory map modes are available which are compatible 
with the Model I II and Model 4 microcomputers. A second 1 6L8 
PAL (U110) is used in conjunction with U109 for the memory 
map control which also controls page mapping of the 32K RAM 
pages. Refer to Memory Maps below. 

5.1.5.2 Port Map Decoding 

Port Map Decoding is accomplished by three 74LS138s (U87, 
U88, and U1 07). These ICs decode the low order address (A0- 
A7) from the CPU and decode the port being selected. The IN* 
signal from U108 enables U87 which allows the CPU to read 
from a selected port and the OUT* signal, also from U108, en- 
ables U88 which allows the CPU to write to the selected port. 
U107 only decodes the address and the IN* and OUT* signals 
are ANDed with the generated signals. 

5.1.6 ROM 

The Model 4P contains only a 4K x 8 Boot ROM (U70). This 
ROM is used only to boot up a Disk Operating System into the 
RAM memory. If Model III operation or DOS is required, then 
the RAM from location 0000-37FFH must be loaded with an im- 
age of the Model III or 4 ROM code and then executed. A sys- 
tem program called MODEL A/Ill is supplied with the Model 4P 
to provide the ROM image for proper Model III operation. On 
power-up, the Boot ROM is selected and mapped into location 
0000-OFFFH. If the Boot ROM is not required after boot up, the 
Boot ROM must be mapped out by OUTing to port 9CH with DO 
set or by selecting Memory Map modes 2 or 3. In Mode 1 the 
RAM is write enabled for the full 1 4K. This allows the RAM area 
mapped where Boot ROM is located to be written to while ex- 
ecuting out of the Boot ROM. Refer to Memory Maps. 



The Model 4P Boot ROM contains all the code necessary to 
initialize hardware, detect options selected from the keyboard, 
read a sector from a hard disk or floppy, and load a copy of the 
Model III ROM-Image (as mentioned) into the lower 14K of 
RAM. 

The firmware is divided into the following routines: 

* Hardware Initialization 

* Keyboard Scanner 

* Control 

* Floppy and Hard Disk Driver 

* Disk Directory Searcher 

* File Loader 

* Error Handler and Displayer 

* RS-232 Boot 

* Diagnostic Package 

Theory of Operation 

This section describes the operation of various routines in the 
ROM. Normally, the ROM is not addressable by normal use. 
However, there are several routines that are available through 
fixed calling locations and these may be used by operating sys- 
tems that are booting. 

On a power-up or RESET condition, the Z80's program counter 
is set to address and the boot ROM is switched-in. The mem- 
ory map of the system is set to Mode 0. (See Memory Map for 
details.) This will cause the Z80 to fetch instructions from the 
boot ROM. 

The Initialization section of the Boot ROM now performs these 
functions: 

1 . Disables maskable and non-maskable interrupts 

2. Interrupt mode 1 is selected 

3. Programs the CRT Controller 

4. Initializes the boot ROM control areas in RAM. 

5. Sets up a stack pointer 

6. Issues a Force Interrupt to the Floppy Disk Controller 
to abort any current activity 

7. Sets the system clock to 4mhz 

8. Sets the screen to 64 x 1 6 

9. Disables reverse video and the alternate character 
sets 

1 0. Tests for < . > key being pressed* 

1 1 . Clears all 2K of video memory 

* This is a special test. If the < . > is being pressed, then 
control is transferred to the diagnostic package in the 
ROM. All other keys are scanned via the Keyboard 
Scanner. 
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Figure 5-3. Video Timing 64 x 16 Mode 80 x 24 Mode 
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The Keyboard scanner is now called. It scans the keyboard for 
a set period of time and returns several parameters based on 
which, if any, keys were pressed. 

The keyboard scanner checks for several different groups of 
keys. These are shown below: 



Function Group 


Selection Group 


<F1> 


A 


<F2> 


B 


<F3> 


C 


<1> 


D 


<2> 


E 


<3> 


F 


<Left-Shift> 


G 


<Right-Shift> 




<Ctrl> 




<Caps> 




Special Keys 


Misc Keys 


<P> 


<Enter> 


<L> 


<Break> 


<N> 





When any key in the Function Group is pressed, it is recorded 
in RAM and will be used by the Control routine in directing the 
action of the boot. If more than one of these keys are pressed 
during the keyboard scan, the last one detected will be the one 
that is used. The Function group keys are currently defined as: 



<F1>or<1> 

<F2>or<2> 

<F3> or<3> 

<Left-Shift> 

<Right-Shift> 

<Ctrl> 

<Caps> 



Will cause hard disk boot 
Will cause floppy disk boot 
Will force Model III mode 
Reserved for future use 
Boot from RS-232 port 
Reserved for future use 
Reserved for future use 



<L> Instructs the Control routine to 

load the Model III ROM-image, 
even if it is already loaded. This 
is useful if the ROM-image has 
been corrupted or when switch- 
ing ROM-images. (Mote that 
this will not cause the ROM- 
image to be loaded if the boot 
sector check indicates that the 
Model III ROM image is not 
needed. Press <F3> or <F3> 
and <L> to accomplish that. 

The Selection group keys are used in determining which file will 
be read from disk when the ROM-image is loaded. For details 
of this operation, see the Disk Directory Searcher. If more than 
one of the Selection group keys are pressed, the last one de- 
tected will be the one that is used. 

The Miscellaneous keys are: 

<Break> Pressing this key is simply re- 

corded by setting location 
405BH non-zero. It is up to an 
operating system to use this 
flag if desired. 

<Enter> Terminates the Keyboard rou- 

tine. Any other keys pressed up 
to that time will be acted upon. 
<Enter> is useful for experi- 
enced users who do not want to 
wait until the keyboard timer 
expires. 



The Control section now takes over and follows the following 
flowchart. 



The Special keys are commands to the Control routine which 
direct handling of the Model III ROM-image. Each key is de- 
tected individually. 



<P> 



<N> 



When loading the Model III 
ROM-image, the user will be 
prompted when the disks can 
be switched or when ROM 
BASIC can be entered by 
pressing <Break>. 
Instructs the Control routine to 
not load the Model III ROM- 
image, even if it appears that 
the operating system being 
booted requires it. 
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Packages that do not reference the Model III ROM in the 
boot sector can still cause the Model III ROM image to be 
loaded by coding a CDxxOO somewhere in the boot sector. 
It does not have to be executable. At the same time, Model 
4 packages must take care that there is no sequence of 
bytes in the boot sector that could be mis-interpreted to be 
a reference to the Boot ROM. An example of this would be 
sequence 06CD0E00, which is a LD B.OCDH and a LD 
C,0. If the boot sector cannot be changed, then the user 
must press the <F3> key each time the system is started 
to inform the ROM that the disk contains a Model III pack- 
age which needs the Model III ROM-image. 

(2) If you are loading a Model 4 operating system, then the 
boot ROM will always transfer control to the first byte of the 
boot sector, which is at 4300H. If you are loading a Model 
III operating system or about to use Model III ROM BASIC, 
then the transfer address is 301 5H. This is the address of 
a jump vector in the "C" ROM of the Model I II ROM image, 
and this will cause the system to behave exactly like a 
Model III. If the ROM-image file that is loaded has a differ- 
ent transfer address, then that address will be used when 
loading is complete. If the image is already present, it will 
use 301 5H. 

(3) Two different tests are done to insure that the Model III 
ROM image is present. The first test is to check ever third 
location starting at 3000H for a C3H. This is done for 1 lo- 
cations. If any of these locations does not contain a C3H, 
then the ROM image is considered to be "not present". 
The next test is to check two bytes at location 000BH. If 
these addresses contain E9E1 H, then the ROM image is 
considered to be "present". 



Notes: 

(1 ) If the boot sector was not 256 bytes in length, then it is as- 
sumed to be a Model III package, and the ROM-image will 
be needed. If the sector is 256 bytes in length, then the 
sector is scanned for the sequence CDxxOOH. The CD is 
the first byte of a Z80 unconditional subroutine call. The 
next byte can have any value. The third byte is tested 
against a zero. What this check does is test for any refer- 
ences to the first 256 bytes of memory. All Radio Shack 
Model III operating systems, and many other packages all 
reference the ROM at some point during the boot sector. 
Most boot sectors will display a message if the system can- 
not be loaded. To save space, these routines use the 
Model III ROM calls to display the message. Several ROM 
calls have their entry points in the first 256 bytes of mem- 
ory, and these references are detected by the boot ROM. 



(4) See Disk Director Searcher for more information. 

(5) See File Loader for more information. 

(6) The RS-232 loader is described under RS-232 Boot. 

Disk Directory Searcher 

When the Model I II ROM image is to be loaded, it is always read 
from the floppy in drive 0. 

Before the operation begins, some checks are made. First, the 
boot sector is read in from the floppy and the first byte is 
checked to make sure it is either a 00H or a FEH. If the byte 
contains some other value, no attempt will be made to read the 
ROM image from that disk. The location of the directory cylinder 
is then taken from the boot sector and the type of disk is deter- 
mined. This is done by examining the Data Address Mark that 
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was picked up by the Floppy Disk Controller (FDC) during the 
read of the sector. If the DAM equals 1 , the disk is a TRSDOS 
1 .x style disk. If the DAM equals 0, then the disk is a LDOS 5.1 / 
TRSDOS 6 style disk. This is important since TRSDOS 1 .x 
disks number sectors starting with 1 and LDOS style disks 
number sectors starting with 0. 

Once the disk type has been determined, an extra test is made 
if the disk is a LDOS style disk. This test reads the Granule Al- 
location Table (GAT) to determine if the disk is single sided or 
double sided. 



Floppy and Hard Disk Driver 

The disk drivers are entered via RST 8H and will read a sector 
anywhere on a floppy disk and anywhere on head 1 (top-head) 
in a hard disk drive. Either 256 or 51 2 byte sectors are readable 
by these routines and they make the determination of the sector 
size. Thetiard disk driver is compatible with both* the WD1 000 
and the WD1 01 controllers. The floppy disk driver is written for 
the WD1 793 controller. 

Serial Loader 



The directory is then read one record at a time and a compare 
is made against the pattern 'MODEL% ' for the filename and 
"III* for the extension. The '%' means that any character will 
match this position. If the user pressed one of the selection 
keys (A-G) during the keyboard scan, then that character is 
substituted in place of the '%' character. For example, if you 
pressed 'D', then the search would be for the file 'MODELD ', 
with the extension 'III'. The searching algorithm searches until 
it finds the entry or it reaches the end of the directory. 

Once the entry has been found, the extent information for that 
file is copied into a control block for later use. 

File Loader 

The file loader is actually two modules — the actual loader and 
a set of routines to fetch bytes from the file on disk. The loader 
is invoked via a RST 28H. The byte fetcher is called by the 
loader using RST 20H. Since restart vectors can be re-directed, 
the same loader is used by the RS-232 boot. The difference is 
that the RST 20H is redirected to point to the RS-232 data re- 
ceiving routine. The loader reads standard loader records and 
acts upon two types: 

01 Data Load 

1 byte with length of block, including address 

1 word with address to load the data 

n bytes of data, where n + 2 equals the length specified 

02 Transfer Address 

1 byte with the value of 02 

1 word with the address to start execution at. 

Any other loader code is treated as a comment block and is ig- 
nored. Once an 02 record has been found, the loader stops 
reading, even if there is additional data, so be sure to place the 
02 record at the end of the file. 



Invoking the serial loader is similar to forcing a boot from hard 
disk or floppy. In this case the right shift key must be pressed at 
some time during the first three seconds after reset. The pro- 
gram does not care if the key is pressed forever, making it con- 
venient to connect pins 8 and 1 of the keyboard connector with 
a shorting plug for bench testing of boards. This assumes that 
the object program being loaded does not care about the key 
closure. 

Upon entry, the program first asserts DTR (J4 pin 20) and RTS 
(J4 pin 4) true. Next, "Not Ready" is printed on the topmost line 
of the video display. Modem status line CD (J4 pin 8) is then 
sampled. The program loops until it finds CD asserted true. At 
that time the message "Ready" is displayed. Then the program 
sets about determining the baud rate from the host computer. 

To determine the baud rate, the program compares data re- 
ceived by the UART to a test byte equal to '55' hex. The receiver 
is first set to 1 9200 baud. If ten bytes are received which are not 
equal to the test byte, the baud rate is reduced. This sequence 
is repeated until a valid test byte is received. If ten failures occur 
at 50 baud, the entire process begins again at 1 9200 baud. If a 
valid test byte is received, the program waits for ten more to ar- 
rive before concluding that it has determined the correct baud 
rate. If at this time an improper byte is received or a receiver er- 
ror (overrun, framing, or parity) is intercepted, the task begins 
again at 19200 baud. 

In order to get to this point, the host or the modem must assert 
CD true. The host must transmit a sequence of test bytes equal 
to '55' hex with 8 data bits, odd parity, and 1 or 2 stop bits. The 
test bytes should be separated by approximately 0.1 second to 
avoid overrun errors. 

When the program has determined the baud rate, the message: 

"Found Baud Rate x" 



is displayed on the screen, where "x" is a letter from A to P, 
meaning: 

A = 50baud E = 150 1 = 1800 M = 4800 

B = 75 F = 300 J = 2000 N = 7200 

C = 110 G = 600 K = 2400 = 9600 

D = 134.5 H = 1200 L = 3600 P = 19200 
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The same message less the character signifying the baud rate 
is transmitted to \he host, with the same baud rate and protocol. 
This message is the signal to the host to stop transmitting test 
bytes. 

After the program has transmitted the baud rate message, it 
reads from the UART data register in order to clear any overrun 
error that may have occurred due to the test bytes coming in 
during the transmission of the message. This is because the re- 
ceiver must be made ready to receive a sync byte signalling the 
beginning of the command file. For this reason, it is important 
that the host wait until the entire baud rate message (16 char- 
acters) is received before transmitting the sync byte, which is 
equal to 'FF' hex. 

When the loader receives the sync byte, the message: 

"Loading" 

is displayed on the screen. Again, the same message is trans- 
mitted to the host, and, again, the host must wait for the entire 
transmission before starting into the command file. 

If the receiver should intercept a receive error while waiting for 
the sync byte, the entire operation up to this point is aborted. 
The video display is cleared and the message: 

"Error, x" 

is displayed near the bottom of the screen, where "x" is a letter 
from Bto H, meaning: 

B = parity error 

C = framing error 

D = parity & framing errors 

E = overrun error 

F = parity & overrun errors 

G = framing & overrun errors 

H = parity & framing & overrun errors 

The message: 



(Since the file represents Z80 machine code and all 256 
combinations are meaningful, it would be disastrous to 
transmit nulls or other ASCII control codes as fillers, ac- 
knowledgement, or start-stop bytes. The only control 
codes needed are the standard command file control 
bytes.) 

Data can be transmitted to the loader at 1 9200 baud with no de- 
lays inserted. Two stop bits are recommended at high baud 
rates. 

See the File Loader description for more information on file 
loading. 

If a receive error should occur during file loading, the abort pro- 
cedure described above will take place, so when attempting re- 
mote control, it is wise to monitor the host receiver during 
transmission of the file. When the host is near the object board, 
as is the case in the factory application, or when more than one 
board is being loaded, it may be advantageous or even nec- 
essary to ignore the transmitted responses of the object 
board(s) and to manually pace the test byte, sync byte, and 
command file phases of the transmission process, using the 
video display for handshaking. 

System Programmers Information 

The Model 4P Boot ROM uses two areas of RAM while it is run- 
ning. These are 4000H to 40FFH and 4300H to 43FFH. (For 
51 2 byte boot sectors, the second area is 4300H to 44FFH.) If 
the Model III ROM Image is loaded, additional areas are used. 
See the technical reference manual for the system you are us- 
ing for a list of these areas. 

Operating systems that want to support a software restart by re- 
executing the contents of the boot ROM can accomplish this in 
one of two ways. If the operating system relies on the Model III 
ROM-Image, then jump to location as you have in the past. If 
the operating system is a Model 4 mode package, a simple way 
is to code the following instructions in your assembly and load 
them before you want to reset: 



"Error" 

is then transmitted to the host. The entire process is then re- 
peated from the "Not Ready" message. A six second delay is 
inserted before reinitialization. This is longer than the time re- 
quired to transmit five bytes at 50 baud, so there is no need to 
be extra careful here. 

If the sync byte is received without error, then the "Loading" 
message is transmitted and the program is ready to receive the 
command file. After receiving the "Loading" message the host 
can transmit the file without nulls or delays between bytes. 



Absolute Location 


Instruction 


0000 


Dl 


0001 


LD A,1 


0003 


OUT (9CH),A 



These instructions cause the boot ROM to become address- 
able. After executing the OUT instruction, the next instruction 
executed will be one in the boot ROM. (These instructions also 
exist in the Model III ROM image at location 0.) The boot ROM 
has been written so that the first instruction is at address 0005. 
The hardware must be in memory mode or else the boot ROM 
will not be switched in. This operation can be done with an OUT 
instruction and then a RST can be executed to have the ROM 
switched in. 
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Restarts can be redirected at any time while the ROM is 
switched in. All restarts jump to fixed locations in RAM and 
these areas may be changed to point to the routine that is to be 
executed. 

Restart RAM Location Default Use 

Cold Start/Boot 

Disk I/O Request 

Display string 

Display block 

Byte Fetch (Called by Loader) 

File Loader 

Keyboard scanner 

Reserved for future use 

NMI (Floppy I/O Command 

Complete) 



Display String (RST1 OH) 






none 


8 


4000H 


10 


4003H 


18 


4006H 


20 


4009H 


28 


400CH 


30 


400FH 


38 


401 2H 


66 


401 5H 



Accepts 
HL 

DE 



Returns 
Success Always 

A 

DE 

HL 



Pointer to text to be displayed. 
Text must be terminated with a null (0). 
Offset position on screen where text is to 
be displayed. 

(A 0000H will be the upper left-hand cor- 
ner of the display.) 



Altered 

Points to next position on video 

Points to the null (0). 



Display Block (RST18H) 



The above routines have fixed entry parameters. These are de- 
scribed here. 

Disk I/O Request (RST 8H) 



Accepts 
HL 



Accepts 
A 
B 



DE 
HL 



Returns 
Z 
NZ 

Error Codes 
3 
4 
5 
6 
7 

8 
9 

11 
12 



1 for floppy, 2 for hard disk 
Command 
Initialize 1 
Restore 4 
Seek 6 

Read 12 (All reads have an im- 

plied seek) 
Sector number to read 
The contents of the location disktype 
(405CH) are added to this value before 
an actual read. If the disk is a two sided 
floppy, just add 1 8 to the sector number. 
Cylinder number. (Only E is used in 
floppy operations) 

Address where data from a read opera- 
tion is to be stored. 



Success, Operation Completed 
Error, Error code in A 



Hard Disk drive is not ready 

Floppy disk drive is not ready 

Hard Disk drive is not available 

Floppy disk drive is not available 

Drive Not Ready and no Index (Disk in 

drive, door open) 

CRC Error 

Seek Error 

Lost Data 

ID Not Found 



Points to control vector in the format: 
+ Screen Offset 



+ 2 


Pointer to text, terminated with 


null 




+ 4 


Pointer to text, terminated with 


null 




+ n 


word FFFFH End of control 




vector 


or +n 


word FFFEH Next word is 




new Screen 




Offset 


If Z flag is set on entry, then the first screen offset is read from 


DE instead of from the control vector. 



Each string is positioned after the previous string, unless a 
FFFEH entry is found. This is used heavily in the ROM to re- 
duce duplication of words in error messages. 



Returns 

Success Always 
DE 



Points to next position on video 



Byte Fetch (RST 20H) 



Accepts None 
Returns 

Z 

NZ 



Errors 



2 
10 



Success, byte in A 
Failure, error code in A 



Any errors from the disk I/O call and: 

ROM Image can't be loaded — Too many 

extents 

ROM Image can't be loaded — Disk drive 

is not ready 
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File Loader (RST 28H) 

Accepts None 



Returns 
Z 
NZ 

Errors 



Success 

Failure, error code in A 



Any errors from the disk I/O call of the 
byte fetch call and: 
The ROM image was not found on drive 

There are several pieces of information left in memory by the 
boot ROM which are useful to system programmers. These are 
shown below: 



RAM Location 

401 DH 

4055H 



4056H 
4057H 

4059H 



405BH 
405CH 



Description 

ROM Image Selected (% for none 
selected or A-G) 
Boot type 

1 = Floppy 

2 = Hard disk 

3 = ARCNET 

4 = RS-232C 
5-7 = Reserved 

Boot Sector Size (1 for 256, 2 for 51 2) 

RS-232 Baud Rate (only valid on RS- 

232 boot) 

Function Key Selected 

= No function key selected 



<F1>or<1> . 


86 


<F2> or <2> 


87 


<F3> or <3> 


88 


<Caps> 


85 


<Ctrl> 


84 


<Left-Shift> 


82 


<Right-Shift> 


83 


Reserved 


80-81 and 89-90 



Break Key Indication (non-zero if 

<Break> pressed) 

Disk type (0 for LDOS/ 

TRSDOS 6,1 for 
TRSDOS 1 .x) 



The DRAMs require multiplexed incoming address lines. This 
is accomplished by ICs U 1 1 1 and U 1 1 2 which are 74LS1 57 
multiplexers. Data to and from the DRAMs are buffered by a 
74LS245 (U117) which is controlled by Page Map PAL, U110. 
The proper timing signals RASO*, RAS1 *, MUX*, and CAS* are 
generated by a delay line circuit U97. U115 (1/2 of a74S112) 
and U1 1 6 (1 /4 of a 74F08) are used the generate a precharge 
circuit. During M1 cycles of the Z80A in 4 MHz mode, the high 
time in MREQ has a minimum time of 1 1 nanosecs. The spec- 
ification of 6665 DRAM requires a minimum of 1 20 nanosecs so 
this circuit will shorten the MREQ signal during the M1 cycle. 
The resulting signal PMREQ is used to start a RAM memory 
cycle through U 1 1 3 (a 74S64). Each different cycle is controlled 
at U1 13 to maintain a fast M1 cycle so no wait states are re- 
quired. The output of U 1 1 3 (PRAS*) is ANDed with RFSH to not 
allow MUX* and CAS* to be generated during a REFRESH 
cycle. PRAS* also generates either RASO* or RAS1*, depend- 
ing on which bank of RAM the CPU is selecting. GCAS* gen- 
erated by the delay line U97 is latched by U1 15 (1/2 of a 
74S112) and held to the end of the memory cycle. The output 
of U115 is ANDed with VIDEO signal to disable the CAS* signal 
from occurring if the cycle is a video memory access. Refer to 
M1 Cycle Timing (Figure 5-8. and 5-9.), Memory Read and 
Memory Write Cycle Timing (Figure 5-1 0.) and (Figure 5-1 1 .). 



Keep in mind that Model III ROM image will initialize these 
areas, so this information is useful only to the Model 4 mode 
programmer. 

5.1.7 RAM 

Two configurations of Random Access Memory (RAM) are 
available on the Model 4P: 64K and 128K. The 64K and 128K 
option use the 6665-type 64K x 1 200NS Dynamic RAM, which 
requires only a single + 5v supply voltage. 
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BOOT ROM 4K 
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KEYBD IK 



VIDEO IK 
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RAM 32K 
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RAM 32K 
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5V 
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Memory Map — Model 4P 



Mode 


SELC 


= = OV 










SEL1 


= = OV 




0000 — 


37FF 




ROM 


= 1 = OV 




3800 — 
3C00- 


3BFF 
-3FFF 


0000 — OFFF 




Boot ROM 


4K 


4000 — 


FFFF 


1000 — 37FF 




RAM (Read Only) 


10K 






37E8 — 37E9 




Printer Status (Read Only) 


2 






3800 — 3BFF 




Keyboard 


1K 


Mode 2 




3C00 — 3FFF 




Video 


1K 






4000 — FFFF 




RAM 


48K 


0000 — 


F3FF 


ModeO 


SELO 


= = OV 




F400 — 


F7FF 




SEL1 


= = OV 




F800- 


FFFF 




ROM 


= = + 5V 








0000 — 37FF 




RAM (Read Only) 


14K 


Mode3 




37E8 — 37E9 




Printer Status (Read Only) 


2 






3800 — 3BFF 




Keyboard 


1K 






3C00 — 3FFF 




Video 


1K 






4000 — FFFF 




RAM 


48K 


0000 — 


FFFF 


Mode 1 


SELO 
SEL1 
ROM 


= 1 = +5V 

= = OV 

= 1 = OV 








0000 — OFFF 




Boot ROM 


4K 






0000 — OFFF 




RAM (Write Only) 


4K 






1000 — 37FF 




RAM 


10K 






3800 — 3BFF 




Keyboard 


1K 






3C00 — 3FFF 




Video 


1K 






4000 — FFFF 




RAM 


48K 







Mode 1 



SELO =1 = +5V 
SEL1 = = OV 
ROM =0 = +5V 

RAM 
Keyboard 
Video 
RAM 



SELO = = OV 
SEL1 =1 = + 5V 
ROM = X = Don't Care 

RAM 

Keyboard 

Video 



SELO =1 = +5V 
SEL1 = 1 = +5V 
ROM = X = Don't Care 

RAM 



14K 
1K 
1K 

48K 



61 K 
1K 
2K 



64K 
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I/O Port Assignment 







Normally 






Port# 


Used 


Out 


In 


FC- 


-FF 


FF 


CASSOUT * 


MODIN* 


F8- 


-FB 


F8 


LPOUT * 


LPIN* 


F4- 


-F7 


F4 


DRVSEL * 


(RESERVED) 


F0- 


-F3 


- 


DISKOUT* 


DISKIN* 


FO 




FO 


FDC COMMAND REG. 


FDC STATUS REG. 


F1 




F1 


FDC TRACK REG. 


FDC TRACK REG. 


F2 




F2 


FDC SECTOR REG. 


FDC SECTOR REG. 


F3 




F3 


FDC DATA REG. 


FDC DATA REG. 


EC- 


-EF 


EC 


MODOUT * 


RTCIN * 


E8- 


-EB 


- 


RS2320UT* 


RS232IN * 


E8 




E8 


UART MASTER RESET 


MODEM STATUS 


E9 




E9 


BAUD RATE GEN. REG. 


(RESERVED) 


EA 




EA 


UART CONTROL AND 
MODEM CONTROL REG 


UART STATUS REG. 


EB 




EB 


UART TRANSMIT 
HOLDING REG. 


UART HOLDING REG 
(RESET D.R.) 


E4- 


-E7 


E4 


WR NMI MASK REG. * 


RD NMI STATUS * 


E0- 


-E3 


EO 


WR INT MASK REG. * 


RD INT MASK REG. * 


A0- 


-DF 


- 


(RESERVED) 


(RESERVED) 


9C- 


-9F 


9C 


BOOT* 


(RESERVED) 


94- 


-9B 


- 


(RESERVED) 


(RESERVED) 


90- 


-93 


90 


SEN* 


(RESERVED) 


8C- 


-8F 


- 


GSELO * 


GSELO * 


88- 


-8B 


- 


CRTCCS * 


(RESERVED) 


88, 8A 


88 


CRCTADD. REG. 


(RESERVED) 


89, 8B 


89 


CRCT DATA REG. 


(RESERVED) 


84- 


-87 


84 


OPREG * 


(RESERVED) 


80- 


-83 


- 


GSEL1 * 


GSEL1 * 
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I/O Port Description 

Name: CASSOUT* 

Port Address: FC— FF 
Access: WRITE ONLY 

Description: Output data to cassette or for sound 
generation 

Note: The Model 4P does not support cassette storage, 
this port is only used to generate sound that was to 
be output via cassette port. The Model 4P sends 
data to onboard sound circuit. 

DO = Cassette output level (sound data output) 

D1 = Reserved 

D2 — D7 = Undefined 



Name: LPIN * 

Port Address: F8— FB 

Access: READ ONLY 

Description: Input line printer status 

DO — D3 = (RESERVED) 



D4 



D5 



D6 



FAULT 
1 = TRUE 

= FALSE 

UNIT SELECT 

1 = TRUE 

= FALSE 

OUTPAPER 

1 = TRUE 
= FALSE 



D7 



Name: MODIN * (CASSIN *) 

Port Address: FC— FF 

Access: READ ONLY 

Description: Configuration Status 



DO 


= 


D1 


= CASSMOTORON STATUS 


D2 


= MODSEL STATUS 


D3 


= ENALTSET STATUS 


D4 


= ENEXTIO STATUS 


D5 


= (NOT USED) 


D6 


= FAST STATUS 


D7 


= 



Name: LPOUT * 

Port Address: F8 — FB 
Access: WRITE ONLY 

Description: Output data to line printer 

DO — D7 = ASCII BYTE TO BE PRINTED 



BUSY 

1 = TRUE 

= FALSE 



Name: DRVSEL * 

Port Address: F4— F7 

Access: WRITE ONLY 

Description: Output FDC Configuration 

Note: Output to this port will ALWAYS cause a 1 -2 msec. 
(Microsecond) wait to the Z80. 



DO 


= DRIVE SELECT 


D1 


= DRIVE SELECT 1 


D2 


= (RESERVED) 


D3 


= (RESERVED) 


D4 


= SDSEL 




= SIDEO 




1 = SIDE1 



D5 = PRECOMPEN 

= No write precompensation 

1 = Write Precompensation enabled 

D6 = WSGEN 

= No wait state generated 

1 = wait state generated 



Note: This wait state is to sync Z80 with FDC chip during 
FDC operation. 

D7 = DDEN * 

= Single Density enabled (FM) 

1 = Double Density enabled (MFM) 
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Name: DISKOUT* 

Port Address: FO— F3 

Access: WRITE ONLY 

Description: Output to FDC Control Registers 

Port FO = FDC Command Register 

Port F1 = FDC Track Register 

Port F2 = FDC Sector Register 

Port F3 = FDC Data Register 

(Refer to FDC Manual for Bit Assignments) 

Name: DISKIN * 

Port Address: FO— F3 

Access: READ ONLY 

Description: Input FDC Control Registers 

Port FO = FDC Status Register 

Port F1 = FDC Track Register 

Port F2 = FDC Sector Register 

Port F3 = FDC Data Register 

(Refer to FDC Manual for Bit Assignment) 



Name: MODOUT * 

Port Address: EC— EF 

Access: WRITE ONLY 

Description: Output to Configuration Latch 

DO = (RESERVED) 

D1 = CASSMOTORON (Sound enable) 

= Cassette Motor Off (Sound enabled) 

1 = Cassette Motor On (Sound disabled) 

D2 = MODSEL 

= 64 or 80 character mode 

1 = 32 or 40 character mode 

D3 = ENALTSET 

= Alternate character set disabled 

1 = Alternate character set enabled 



D4 


= ENEXTIO 




= External IO Bus disabled 




1 = External IO Bus enabled 


D5 


= (RESERVED) 


D6 


= FAST 




= 2 MHZ Mode 




1 = 4 MHZ Mode 


D7 


= (RESERVED) 



Name: RTCIN * 

Port Address: EC— EF 

Access: READ ONLY 

Description: Clear Real Time Clock Interrupt 



DO — D7 



DON'T CARE 



Name: RS2320UT* 

Port Address: E8— EB 
Access: WRITE ONLY 

Description: UART Control, Data Control, Modem Control, 
BRG Control 

Port E8 = UART Master Reset 

Port E9 = BAUD Rate Gen. Register 

Port EA = UART Control Register (Modem Control Reg.) 

Port EB = UART Transmit Holding Reg. 

(Refer to Model III or 4 Manual for Bit Assignments) 

Name: RS232IN* 

Port Address: E8 — EB 

Access: READ ONLY 

Description: Input UART and Modem Status 

Port E8 = MODEM STATUS 

Port E9 = (RESERVED) 

Port EA = UART Status Register 

Port EB = UART Receive Holding-Register (Resets DR) 

(Refer to Model III or 4 Manual for Bit Assignments) 
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Name: WRNMIMASKREG * 

Port Address: E4— E7 

Access: WRITE ONLY 

Description: Output NMI Latch 

DO — D5 = (RESERVED) 



D6 



ENMOTOROFFINT 

= Disables Motoroff NMI 

1 = Enables Motoroff NMI 



D5 



D6 



D7 



= ENRECINT 

= RS232 Rec. Data Reg. full int. disabled 

1 = RS232 Rec. Data Reg. full int. enabled 

= ENERRORINT 

= RS232 UART Error interrupts disabled 

1 = RS232 UART Error interrupts enabled 

= (RESERVED) 



D7 = ENINTRQ 

= Disables INTRQ NMI 

1 = Enables INTRQ NMI 



Name: RDNMISTATUS * 

Port Address: E4— E7 

Access: READ ONLY 

Description: Input NMI Status 

DO =0 

D2 — D4 = (RESERVED) 

D5 = RESET (not needed) 

= Reset Asserted (Problem) 

1 = Reset Negated 

D6 = MOTOROFF 

= Motoroff Asserted 

1 = Motoroff Negated 

D7 = INTRQ 

= INTRQ Asserted 

1 = INTRQ Negated 



Name: WRINTMASKREG * 

Port Address: E0 — E3 

Access: WRITE ONLY 

Description: Output INT Latch 

DO— D1 = (RESERVED) 

D2 = ENRTC 

= Real time clock interrupt disabled 

1 = Real time clock interrupt enabled 

D3 = ENIOBUSINT 

= External IO Bus interrupt disabled 

1 = External IO Bus interrupt enabled 

D4 = ENXMITINT 

= RS232 Xmit Holding Reg. empty int. 
disabled 

1 = RS232 Xmit Holding Reg. empty int. 
enabled 



Name: RDINTSTATUS * 

Port Address: E0 — E3 
Access: READ ONLY 

Description: Input INT Status 

DO — D1 = (RESERVED) 

D2 = RTC INT 

D3 = IOBUS INT 

D4 = RS232 XMIT INT 

D5 =RS232RECINT 

D6 = RS232 UART ERROR INT 

D7 = (RESERVED) 



Name: BOOT * 

Port Address: 9C — 9F 

Access: WRITE ONLY 

Description: Enable or Disable Boot ROM 



DO 



ROM* 

= Boot ROM Disabled 

1 = Boot ROM Enabled 



D1— D7 = (RESERVED) 

Name: SEN * 

Port Address: 90 — 93 

Access: WRITE ONLY 

Description: Sound output 

DO = SOUND DATA 

D1— D7 = (RESERVED) 
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Name: 

Port Address: 

Access: 

Description: 



OPREG * 

84 

WRITE ONLY 

Output to operation reg. 



DO 



= SELO 



D1 



= SEL1 



D2 



SEL1 


SELO 


MODE 














1 


1 


1 





2 


1 


1 


3 




= 8064 

= 64 character mode 

1 = 80 character mode 





D3 



INVERSE 

= Inverse video disabled 

1 = Inverse video enabled 



D4 



D5 



D6 



SRCPAGE — Points to the page to be mapped 
as new page 

= U64K, L32K Page 

1 = U64K, U32K Page 

EN PAGE — Enables mapping of new page 

= Page mapping disabled 

1 = Page mapping enabled 

DESPAGE — Points to the page where new 
page is to be mapped 

= L64K, U32K Page 

1 = L64K, L32K Page 



D7 



PAGE 

= Page of Video Memory 

1 = Page 1 of Video Memory 
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5.1.8 Video Circuit 

The heart of the video display circuit in the Model 4P is the 
68045 Cathode Ray Tube Controller (CRTC), U85. The CRTC 
is a preprogrammed video controller that provides two screen 
formats: 64 by 16 and 80 by 24. The format is controlled by pin 
3 of the CRTC (8064*). The CRTC generates all of the neces- 
sary signals required for the video display. These signals are 
VSYNC (Vertical Sync), HSYNC (Horizontal Sync) for proper 
sync of the monitor, DISPEN (Display Enable) which indicates 
when video data should be output to the monitor, the refresh 
memory addresses (MA0-MA13) which addresses the video 
RAM, and the row addresses (RA0-RA4) which indicates which 
scan line row is being displayed. The CRTC also provides hard- 
ware scrolling by writing to the internal Memory Start Address 
Register by OUTing to Port 88H. The internal cursor control of 
the 68045 is not used in the Model 4P video circuit. 

Since the 80 by 24 screen requires 1 ,920 screen memory lo- 
cations, a 2K by 8 static RAM (U82) is used for the video RAM. 
Addressing to the video RAM (U82) is provided by the 68045 
when refreshing the screen and by the CPU when updating of 
the data is performed. These two sets of address lines are mul- 
tiplexed by three 74LS157S (U83, U84, and U104). The multi- 
plexers are switched by CRTCLK which allows the CRTC to 
address the video RAM during the high state of CRTCLK and 
the CPU access during the low state. A1 from the CPU is con- 
trolled by PAGE* which allows two display pages in the 64 by 
16 format. When updates to the video RAM are performed by 
the CPU, the CPU is held in a WAIT state until the CRTC is not 
addressing the video RAM. This operation allows reads and 
writes to video RAM without causing hashing on the screen. 
The circuit that performs this function is a 74LS244 buffer 
(U1 03), an 8 bit transparent latch, 74LS373 (U1 02) and a Delay 
line circuit shared with Dynamic RAM timing circuit consisting 
Of a 74LS74 (U95), 74LS32 (U94), 74LS04 (U74), 74LS00 
(U96), 74LS02 (U75), and Delay Line (U97). During a CPU 
Read Access to the Video RAM, the address is decoded by the 
PAL U109 and asserts VIDEO* low. This is inverted by U74 (1/ 
6 of 74LS04) which pulls one input of U96 (1/4 of 74LS00) and 
in turn asserts VWAIT * low to the CPU. RD is high at this time 
and is latched into U95 (1/2 of 74LS74) on the rising edge of 
XADR7*. XADR7* is inverse of CRTCLK which drives the 
CRTC (68045), and the address multiplexers U83, U84, and 
U104. 



When RD is latched by U95, the Q output goes low releasing 
WAIT* from the CPU. The same signal also is sent to the Delay 
Line (U97) through U1 16 (1/4 of 74F08). The Delay line delays 
the falling edge 240 ns for VLATCH* which latches the read 
data from the video RAM at U102. The data is latched so the 
CRTC can refresh the next address location and prevent any 
hashing. MRD* decoded by U 108 and a memory read is ORed 
with VIDEO* which enables the data from U1 02 to the data bus. 
The CPU then reads the data and completes the cycle. A CPU 
write is slightly more complex in operation. As in the RD cycle, 
VIDEO* is asserted low which asserts VWAIT* low to the CPU. 
WR is high at this time which is NANDed with VIDEO and 
synced with CRTCLK to create VRAMDIS that disables the 
video RAM output. On the rising edge of XADR7*, WR is 
latched into U95 (1/2 of 74LS74) which releases VWAIT* and 
starts cycle through the Delay Line. After 30ns DLYVWR* (De- 
layed video write) is asserted low which also asserts VBUFEN* 
(Video Buffer Enable) low. VBUFEN* enabled data from the 
Data bus to the video RAM. Approximately 120ns later 
DLYVWR* is negated high which writes the data to the video 
RAM and negates VBUFEN* turning off buffer. The CPU then 
completes WR cycle to the video RAM. Refer to Video RAM 
CPU Access Timing Figure 5-1 2 for timing of above RD or WR 
cycles. 

During screen refresh, CRTCLK is high allowing the CRTC to 
address Video RAM. The data out of the video RAM is latched 
by LOAD* into a 74LS273 (U1 01 ). D7 is generated by IN- 
VERSE* through U125 (1/6 of 74S04), and U123 (1/4 of 
74LS08). This decoding determines if character should be al- 
pha-numeric only (if inverse high) or unchanged (INVERSE* 
low). The outputs of U1 01 are used as address inputs the char- 
acter generator ROM (U42). A9 is decoded with ENALTSET 
(Enable Alternate Set) and Q7 of U1 01 , which resets A9 to a 
low if Q7 and ENALTSET are high. See ENALTSET Control Ta- 
ble below. 



ENALTSET 


Q7 


Q6 


A9 

















1 
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RA0-RA3, row addresses from the CRTC are used to control 
which scan line is being displayed. The Model 4P has a 4-bit full 
adder 74LS283 (U61) to modify the Row address. During a 
character display DLYGRAPHIC* is high which applies a high to 
all 4 bits to be added to row address. This will result in subtract- 
ing one from Row address count and allow all characters to be 
displayed one scan line lower. The purpose is so inverse char- 
acters will appear within the inverse block. When a graphic 
block is displayed DLYGRAPHIC* is low which causes the row 
address to be unmodified. Moving jumper from E14-E15 to 
E15-E16 will disable this circuit. 

DLYCHAR* and DLYGRAPHICS are inverse signals and con- 
trol which data is to be loaded into the shift register U63. 
When DLYCHAR* is low and DLYGRAPHIC* is high, the 
Character Generator ROM (U42) is enabled to output data: 
when DLYCHAR* is high and DLYGRAPHIC* is low the 
graphics characters from U41 (74LS15) is buffered by U43 
(74LS244) to the shift register. The data is loaded into the 
shift register on the rising edge of SHIFT* when LOADS* is 
low. Blanking is accomplished by masking off LOADS* so no 
data will be loaded and zero data will be shifted out with the 
serial input of U63, pin 1, grounded. Serial video data is out- 
put U63 pin 13 and is mixed with inverse and/or hires graph- 
ics information by (1/4 or 74LS86) U143. The video data is 
then mixed with a D07 Rate clock, either DOT* and DCLK, 
to create distinct dots on the monitor. DOT* and DCLK are 
inverse signals and are provided to allow a choice to obtain 
the best video results. The video information is filtered by 
F34, R45 (47 ohm resistor), and C241 (100 pf Cap) and out- 
put to video monitor. VSYNC and HSYNC are buffered by 
(1/2 of 74LS86) U143 and are also output to video monitor. 
Refer to Video Circuit Timing Figure 5-13, Video Blanking 
Timing Figure 5-14., and Inverse Video Timing Figure 5-1 for 
timing relationships of Video Circuit. 

5.1.9 Keyboard 

The keyboard interface of the Model 4P consists of open col- 
lector drivers which drive an 8 by 8 key matrix keyboard and an 
inverting buffer which buffers the key or keys pressed on the 
data bus. The open collector drivers (U56 and U57 (7416) are 
driven by address lines A0-A7 which drive the column lines of 
the keyboard matrix. The ROW lines of the keyboard are pulled 
up by a 1 .5 kohm resistor pack RP2. The ROW lines are buff- 
ered and inverted onto the data bus by U58 (74LS240) which is 
enabled when KEYBD* is a logic low. KEYBD* is a memory 
mapped decode of addresses 3800-3BFF in Model III Mode 
and F400-F7FF in Model 4/4P mode. Refer to the Memory Map 
under Address Decode for more information. During real time 
operation, the CPU will scan the keyboard periodically to check 
if any keys are pressed. If no key is pressed, the resistor pack 
RP2 keeps the inputs of U58 at a logic high. U58 inverts the 
data to a logic low and buffers it to the data bus which is read 
by the CPU. If a key is pressed when the CPU scans the correct 
column line, the key pressed will pull the corresponding row to 
a logic low. U58 inverts the signal to a logic high which is read 
by the CPU. 



5.1.10 Real Time Clock 

The Real Time Clock circuit in the Model 4P provides a 30 Hz 
(in the 2 MHz CPU mode) or 60 Hz (in the 4 MHz CPU mode) 
interrupt to the CPU. By counting the number of interrupts that 
have occurred, the CPU can keep track of the time. The 60 Hz 
vertical sync signal (VSYNC) from the video circuitry is used for 
the Real Time Clock's reference. In the 2 MHz mode, FAST is 
a logic low which sets the Preset input, pin 4 of U22 (74LS74), 
to a logic high. This allows the 60 Hz (VSYNC) to be divided by 
2 to 30 Hz. The output of 1/2 of U22 is ORed with the original 
60 Hz and then clocks another 74LS74 (1/2 of U22). If the real 
time clock is enabled (ENRTC at a logic high), the interrupt is 
latched and pulls the INT* line low to the CPU. When the CPU 
recognizes the interrupt, the pulse is counted and the latch re- 
set by pulling RTCIN* low. In the 4 MHz mode, FAST is a logic 
high which keeps the first half of U22 in a preset state (the Q* 
output at a logic low). The 60 Hz is used to clock the interrupts. 

NOTE: If interrupts are disabled, the accuracy of the real 
time clock will suffer. 

5.1.11 Line Printer Port 

The Line Printer Port Interface consists of a pulse generator, an 
eight-bit latch, and a status line buffer. The status of the line 
printer is read by the CPU by enabling buffer U3 (74LS244). 
This buffer is enabled by LPRD* which is a memory map and 
port map decode. In Model I II mode, only the status can be read 
from memory location 37E8 or 37E9. The status can be read in 
all modes by an input from ports F8-FB. For a listing of the bit 
status, refer to Port Map section. 

After the printer driver software determines that the printer is 
ready for printing (by reading the correct status), the characters 
to be printed are output to Port F8-FB. U2, a 74LS374 eight-bit 
latch, latches the character byte and outputs to the line printer. 
One-half of U1 (74LS123), a one-shot, is then triggered which 
generates an appropriate strobe signal to the printer which sig- 
nifies a valid character is ready. The output of the one-shot is 
buffered by 1 /6th of the U21 (74LS04) to prevent noise from the 
printer cable from flase-triggering the one-shot. 
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5.1.12 Graphics Port 



Addresses: 



The Graphics Port (J7) on the Model 4P is provided to attach 
the optional Graphics Board. The port provides D0-D7 (Data 
Lines), A0-A3 (Address Lines), IN*, GEN* and RESET* for the 
necessary interface signals for the Graphics Board. GEN* is 
generated by negative ORing Port selects GSELO* (8C-8FH) 
and GSELI* (80-83H) together by (1/4 of 74LS08) U23. The re- 
sulting signal is negative ANDed with IORQ* by (1/4 of 74S32) 
U62. Seven timing signals are provided to allow synchroniza- 
tion of Main Logic Board Video and Graphics Board Video. 
These timing signals are VSYNC, HSYNC, DISPEN, DCLK, H, 
I, and J. Three control signals from the Graphics Board are 
used to sync to CPU access and select different video modes. 
WAIT* controls the CPU access by causing the CPU to WAIT till 
video is in retrace area before allowing any writes or reads to 
Graphics Board RAM. ENGRAF is asserted when Graphics 
video is displayed. ENGRAF also disables inverse video mode 
on Main Logic Board Video. CL166* (Clear 74L166) is used to 
enable or disable mixing of Main Logic Board Video and Graph- 
ics Board Video. If CL166* is negated high, then mixing is al- 
lowed in all for video modes 80 x 24, 40 x 24, 64 x 1 6, and 32 x 
16. If CL166* is asserted low, this will clear the video shift reg- 
ister U63, which allows no video from the Main Logic Board. In 
this state 8064* is automatically asserted low to put screen in 
80x24 video mode. Referto Figure 5-16. Graphic Board Video 
Timing for timing relationships. Referto the Model 4/4P Graph- 
ics Board Service information for service or technical informa- 
tion on the Graphics Board. 

5.1.13 Sound 

The sound circuit in the Model 4P is compatible with the Sound 
Board which was optional in the Model 4. Sound is generated 
by alternately setting and clearing data bit DO during an OUT to 
port 90H. The state of DO is latched by U 130 (1/2 of a 74LS74) 
and the output is amplified by Q2 which drives a piezoelectric 
sound transducer. The speed of the software loop determines 
the frequency, and thus, the pitch of the resulting tone. Since 
the Model 4P does not have a cassette circuit, some existing 
software that used the cassette output for sound would have 
been lost. The Model 4P routes the cassette latch to the sound 
board through U142. When the CASSMOTORON signal is a 
logic low, the cassette motor is off, then the cassette output is 
sent to the sound circuit. 

5.1.14 I/O Bus Port 

The Model 4P Bus is designed to allow easy and convenient in- 
terfacing of I/O devices to the Model 4P. The I/O Bus supports 
all the signals necessary to implement a device compatible with 
the Z80s I/O structure. 



A0 to A7 allow selection of up to 256* input and 256 output 
devices if external I/O is enabled. 

*Ports 80H to 0FFH are reserved for System use. 

Data: 

DB0 to DB7 allow transfer of 8-bit data onto the processor 
data bus is external I/O is enabled. 

Control Lines: 

1. M1* — Z80A signal specifying an M1 or Operation Code 
Fetch Cycle or with IOREQ*, it specifies an Interrupt 
acknowledge. 

2. IN* — Z80A signal specifying than an input is in progress. 
Logic AND of IOREQ* and WR*. 

3. OUT* — Z80A signal specifying that an output is in prog- 
ress. Logic AND of IOREQ* and WR*. 

4. IOREQ* — Z80A signal specifying that an input or output 
is in progress or with M1*, it specifies an interrupt 
acknowledge. 

5. RESET* — system reset signal. 

6. IOBUSINT* — input to the CPU signaling an interrupt from 
an I/O Bus device if I/O Bus interrupts are enabled. 

7. IOBUSWAIT* — input to the CPU wait line allowing I/O Bus 
device to force wait states on the Z80 if external I/O is 
enabled. 

8. EXTIOSEL* — input to I/O Bus Port circuit which switches 
the I/O Bus data bus transceiver and allows and INPUT in- 
struction to read I/O Bus data. 

The address line, data line, and all control lines except RESET* 
are enabled only when the ENEXIO bit in port EC is set to one. 

To enable I/O interrupts, the ENIOBUSINT bit in the PORT E0 
(output port) must be a one. However, even if it is disabled from 
generating interrupts, the status of the IOBUSINT* line can still 
read on the appropriate bit of CPU IOPORT E0 (input port). 

See Model 4P Port Bit assignments for port OFF, 0EC, and 0E0. 
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Figure 5-16. Graphic Board Video Timing 
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The Model 4P CPU board is fully protected from "foreign I/O de- 
vices" in that all the I/O Bus signals are buffered and can be dis- 
abled under software control. To attach and use and I/O device 
on the I/O Bus, certain requirements (both hardware and soft- 
ware) must be met. 

For input port device use, you must enable external I/O devices 
by writing to port OECH with bit 4 on in the user software. This 
will enable the data bus address lines and control signals to the 
I/O Bus edge connector. When the input device is selected, the 
hardware should acknowledge by asserting EXTIOSEL* low. 
This switches the data bus transceiver and allows the CPU to 
read the contents of the I/O Bus data lines. See Figure 5-17 for 
the timing. EXTIOSEL* can be generated by NANDing IN and 
the I/O port address. 

Output port device use is the same as the input port device in 
use, in that the external I/O devices must be enabled by writing 
to port OECH with bit 4 on in the user software — in the same 
fashion. 

For either input or output devices, the IOBUSWAIT* control line 
can be used in the normal way for synchronizing slow devices 
to the CPU. Note that since dynamic memories are used in the 
Model 4P, the wait line should be used with caution. Holding the 
CPU in a wait state for 2 msec or more may cause loss of mem- 
ory contents since refresh is inhibited during this time. It is rec- 
ommended that the IOBUSWAIT* line be held active no more 
than 500 jxsec with a 25% duty cycle. 

The Model 4P will support Z80 Mode 1 interrupts. A RAM jump 
table is supported by the LEVEL II BASIC ROMs image and the 
user must supply the address of his interrupt service routine by 
writing this address to locations 403E and 403F. When an in- 
terrupt occurs, the program will be vectored to the user-sup- 
plied address if I/O Bus interrupts have been enabled. To 
enable I/O Bus interrupts, the user must set bit 3 of Port 0E0H. 

5.1.15 FDC Circuit 

TheTRS-80 Model 4P Floppy Disk Interface provices a stan- 
dard 5-1/4" floppy disk controller. The Floppy Disk Interface 
supports both single and double density encoding schemes. 
Write precompensation can be software enabled or disabled 
beginning at any track, although the system software enables 
write precompensation for all tracks greater than twenty-one. 
The amount of write precompensation is 250 nsec and is not 
adjustable. The data clock recovery logic incorporates a digital 
data separator which achieves state-of-the-art reliability. One 
or two drives may be controlled by the interface. All data trans- 
fers are accomplished by CPU data requests. In double density 
operation, data transfers are synchronized to the CPU by forc- 
ing a wait to the CPU and clearing the wait by a data request 
from the FDC chip. The end of the data transfer is indicated by 
generation of a non-maskable interrupt from the interrupt re- 
quest output of the FDC chip. A hardware watchdog timer in- 
sures that any error condition will not hang the wait line to the 
CPU for a period long enough to destroy RAM contents. 
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Figure 5-17. I/O Bus Timing Diagram 
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Control and Data Buffering 



*Only one of these bits should be set per output 



The Floppy Disk Controller Board is an I/O port-mapped device 
which utilizes ports E4H, F0H, F1 H, F2H, F3H, and F4H. The 
decoding logic is implemented on the CPU board. (Refer to Par- 
agraph 5.1.5 Address Decoding for more information on Port 
Map). U31 is a bi-directional, 8-bit transceiver used to buffer 
data to and from the FDC and RS-232 circuits. The direction of 
data transfer is controlled by the combination of control signals 
DISKIN* and RS232IN*. If either signal is active (logic low), U31 
is enabled to drive data onto the CPU data bus. If both signals 
are inactive (logic high), U31 is enabled to receive dataf rom the 
CPU board data bus. A second buffer ( U 1 2) is used to buffer the 
FDC chip data to the FDC/RS232 Data Bus, (BD0-BD7), U 1 2 is 
enabled all the time and it's direction controlled by DISKIN*. 
Again, if DISKIN* is active (logic low), data is enabled to drive 
from the FDC chip to the Main Data Busses. If DISKIN* is in- 
active (logic high), data is enabled to be transferred to the FDC 
chip. 

Nonmaskable Interrupt Logic 

Dual D flip-flop U100 (74LS74) is used to latch data bits D6 and 
D7 on the rising edge of the control signal WRNMIMASKREG*. 
The outputs of U1 00 enable the conditions which will generate 
a non-maskable interrupt to the CPU. The NMI interrupt con- 
ditions which are programmed by doing an OUT instruction to 
port E4H with the appropriate bits set. If data bit 7 is set, an FDC 
interrupt is enabled to generate an NMI interrupt. If data bit 7 is 
reset, interrupt requests request from the FDC are disabled. If 
data bit 6 is set, a Motor Time Out is enabled to generate an 
NMI interrupt. If data bit 6 is reset, interrupts on Motor Time Out 
are disabled. An IN instruction from port E4H enables the CPU 
to determine the source of the non-maskable interrupt. Data bit 
7 indicates the status of FDC interrupt request (INTRQ) 
(0 = true, 1 = false). Data bit 6 indicates the status of Motor 
Time Out (0 = true, 1 = false). Data bit 5 indicates the status of 
the Reset signal (0 = true, 1 =false). The control signal 
RDNMISTATUS* gates this status onto the CPU data bus when 
active (logic low). 

Drive Select Latch and Motor ON Logic 

Selecting a drive prior to disk I/O operation is accomplished by 
doing an OUT instruction to port F4H with the proper bit set. The 
following table describes the bit allocation of the Drive Select 
Latch: ■ 



Data Bit 

DO 
D1 
D2 
D3 
D4 

D5 

D6 
D7 



Function 

Selects Drive when set* 

Selects Drive 1 when set* 

Selects Drive 2 when set* 

Selects Drive 3 when set* 

Selects Side when reset 

Selects Side 1 when set 

Write precompensation enabled when set, 

disabled when reset 

Generates WAIT if set 

Selects MFM mode if set 

Selects FM mode if reset 



Hex D flip-flop U32 (74L174) latches the drive select bits, side 
select and FMVMFM bits on the rising edge of the control signal 
DRVSEL*. A dual D flip-flop (U98) is used to latch the Wait En- 
able and Write precompensation enable bits on the rising edge 
of DRVSEL*. The rising edge of DRVSEL* also triggers a one- 
shot (1/2 of U54, 74LS123) which produces a Motor On to the 
disk drives. The duration of the Motor On signal is approxi- 
mately three seconds. The spindle motors are not designed for 
continuous operation. Therefore, the inactive state of the Motor 
On signal is used to clear the Drive Select Latch, which de-se- 
lects any drives which were previously selected. The Motor On 
one-shot is retriggerable by simply executing another OUT in- 
struction to the Drive Select Latch. 

Wait State Generation and WAITIMOUT Logic 

As previously mentioned, a wait state to the CPU can be initi- 
ated by an OUT to the Drive Select Latch with D6 set. Pin 5 of 
U98 will go high after this operation. This signal is inverted by 
1/4th of U79 and is routed to the CPU where it forces the Z80A 
into a wait state. The Z80A will remain in the wait state as long 
as WAIT* is low. Once initiated, the WAIT* will remain low until 
one of five conditions is satisfied. One half of U77 (a five input 
NOR gate) is used to perform this function. INTQ, DRQ, RE- 
SET, CLRWAIT, and WAITIMOUT are the inputs to the NOR 
gate. If any one of these inputs is active (logic high), the output 
of the NOR gate (U77 pin 5) will go low. This output is tied to the 
clear input of the wait latch. When this signal goes low, it will 
clear the Q output (U98 pin 5) and set the Q* output (U98 pin 
6). This condition causes WAIT* to go high which allows the 
Z80 to exit the wait state. U99 is a 12-bit binary counter which 
serves as a watchdog timer to insure that a wait condition will 
not persist long enough to destroy dynamic RAM contents. The 
counter is clocked by a 1 MHz clock and is enabled to count 
when its reset pin is low (U99 pin 1 1 ). A logic high on U99 pin 
11 resets the counter outputs. U99 pin 15 is a divide-by-1024 
output and is used to generate the signal WAITIMOUT. This 
watchdog timer logic will limit the duration of a wait to 
1024|j,sec, even if the FDC chip should fail to generate a DRQ 
or an INTRQ. 

If an OUT to Drive Select Latch is initiated with D6 reset (logic 
low), a WAIT is still generated. The 12-bit binary counter will 
count to 2 which will output CLRWAIT and clearthe WAIT state. 
This allows the WAIT to occur only during the OUT instruction 
to prevent violating any Dynamic RAM parameters. 

NOTE: This automatic WAIT will cause a 1 -2 ixsec wait each 
time an out to Drive Select Latch is performed. 
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Clock Generation Logic 

A 4 MHz crystal oscillator and a 4-bit binary counter are used to 
generate the clock signals required by the FDC board. The 4 
MHz oscillator is implemented with two inverters (1/3 of U39) 
and a quartz crystal ( Y2). The output of the oscillator is inverted 
and buffered by 1 /6 of U39 to generate a TTL level square wave 
signal. U37 is a 4-bit binary counter which is divided into a di- 
vide-by-2 and a divide-by-8 section. The divide-by-2 section is 
used to generate the 2 MHz output at pin 12. The 2 MHz is 
NANDed with 4MHz by 1/4 of U19 and the output is used to 
clock the divide-by-8 section of U37. A 1 MHz clock is gener- 
ated at pin 9 of U37 which is 90° phase-shifted from the 2 MHz 
clock. This phase relationship is used to gate the guaranteed 
Write Data Pulse (WD) to the Write precompensation circuit. 
The 4 MHz is used to clock the digital data separator U18 and 
the Write precompensation shift register U55. The 1 MHz clock 
is used to drive the clock input of the FDC chip (U13) and the 
clock input of the watchdog timer (U99). 

Disk Bus Output Drivers 

High current open collector drivers U20 and U56 are used to 
buffer the output signals from the FDC circuit to the disk drives. 

Write Precompensation and Write Data Pulse Shap- 
ing Logic 

The Write Precompensation logic is comprised of U55 
(74LS195), 1/4 of U19 (74LS00), 1/4 of U74 (74LS04), and 
1/2 of U77 (74LS260). U55 is a parallel in, serial out shift reg- 
ister and is clocked by 4 MHz which generates a precompen- 
sation value of 250 nsec. The output signals EARLY and LATE 
of the FDC chip (U13) are input to P0 and P2 of the shift reg- 
ister. A third signal is generated by 1/4 of U75 when neither 
EARLY nor LATE is active low and is input to P1 of U55. WD of 
the FDC chip is NANDed with 2 MHz to gate the guaranteed 
Write Data Pulse to U55 for the parallel load signal SHFT/LD. 
When U55 pin 9 is active low, the signals preset at P1-P3 are 
clocked in on the rising edge of the 4 MHz clock. After U55 pin 
9 goes high, the data is shifted out at a 250 nsec rate. EARLY 
will generate a 250 nsec delay, NOT EARLY AND NOT LATE 
will generate a 500 nsec delay, and LATE will generate a 750 
nsec delay. This provides the necessary precompensation for 
the write data. As mentioned previously, Write Precompensa- 
tion is enabled through software by an OUT to the Drive Select 
Latch with bit 5 set. This sets the Q output of the 74LS74 (U98 
pin 9) which is ANDed with DDEN which disables the shift reg- 
ister U55. DDEN disables Write Precompensation in the single 
density mode. The resulting signal also enables U75 to allow 
the write data (WD)" to bypass the Write Precompensation cir- 
cuit. The Write Data (WD) pulse is shaped by a one-shot (1 12 of 
U54) which stretches the data pulses to approximately 500 
nsec. 
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63 



Clock and Read Data Recovery Logic 



BRG Programming Table 



The Clock and Read Data Recovery Logic is comprised of one 
chip U1 8 (FDC921 6). The FDC92 1 6 is a Floppy Disk Data Sep- 
arator (FDDS) which converts a single stream of pulses from 
the disk drive into separate clock and data pulses for input to 
the FDC chip. The FDDS consists of a clock divider, a long-term 
timing corrector, a short-time timing corrector and reclocking 
circuitry. The reference clock (REFCLK) is a 4 MHz and is di- 
vided by the internal clock divider. CDO and CD1 of the FDDS 
chip control the divisor which divides REFCLK. With DC1 
grounded (logic low), CDO (when a logic low) generates a di- 
vide-by-1 for MFM mode and when logic high generates a di- 
vide-by-2 for FM mode. CDO is controlled by the signal DDEN* 
which is Double Density enable or MFM enable. The FDDS de- 
tects the leading edges of RD* pulses and adjusts the phase of 
the internal clock to generate the separated clock (SEPCLK) to 
the FDC chip. The separate long and short term timing correc- 
tors assure the clock separation to be accurate. The separated 
Data (SEPD*) is used as the RDD* input to the FDC chip. 

Floppy Disk Controller Chip 

The 1793 is an MOS LSI device which performs the functions 
of a floppy disk formatter/controller in a single chip implemen- 
tation. The following port addresses are assigned to the internal 
registers of the 1793 FDC chip: 



Port No. 


Function 


FOH 


Command/Status Register 


F1H 


Track Register 


F2H 


Sector Register 


F3H 


Data Register 



5.1.16 RS-232-C Circuit 
RS-232C Technical Description 

The RS-232C circuit for the Model 4P computer supports asyn- 
chronous serial transmissions and conforms to the EIA RS- 
232C standards at the input-output interface connector (J4). 
The heart of the circuit is the TR1 865 Asynchronous Receiver/ 
Transmitter U30. It performs the job of converting the parallel 
byte data from the CPU to a serial data stream including start, 
stop, and parity bits. For a more detailed description of how this 
LSI circuit performs these functions, refer to the TR1865 data 
sheets and application notes. The transmit and receive clock 
rates that the TR1865 needs are supplied by the Baud Rate 
Generator U52 (BR1941L) or (BR1943). This circuit takes the 
5.0688 MHz supplied by the system timing circuit and the pro- 
grammed information received from the CPU over the data bus 
and divides the basic clock rate to provide two clocks. The rates 
available from the BRG go from 50 Baud to 1 9200 Baud. See 
the BRG table for the complete list. 





Transmit/ 








Receive 




Supported 


Nibble 


Baud 


16X 


by 


Loaded 


Rate 


Clock 


SETCOM 


OH 


50 


0.8 kHz 


Yes 


1H 


75 


1.2 kHz 


Yes 


2H 


110 


1.76 kHz 


Yes 


3H 


134.5 


2.1523 kHz 


Yes 


4H 


150 


2.4 kHz 


Yes 


5H 


300 


4.8 kHz 


Yes 


6H 


600 


9.6 kHz 


Yes 


7H 


1200 


19.2 kHz 


Yes 


8H 


1800 


28.8 kHz 


Yes 


9H 


2000 


32.081 kHz 


Yes 


AH 


2400 


38.4 kHz 


Yes 


BH 


3600 


57.6 kHz 


Yes 


CH 


4800 


76.8 kHz 


Yes 


DH 


7200 


115.2 kHz 


Yes 


EH 


9600 


153.6 kHz 


Yes 


FH 


19200 


307.2 kHz 


Yes 



The RS-232C circuit is port mapped and the ports used are E8 
to EB. Following is a description of each port on both input and 
output. 



Port 


Input 


Output 


E8 


Modem status 


Master Reset, enables UART 
control register load 


EA 


UART status 


UART control register load and 
modem control 


E9 


Not Used 


Baud rate register load enable 
bit 
Transmitter Holding register 


EB 


Receiver Holding 




register 





Interrupts are supported in the RS-232C circuit by the Interrupt 
mask register (U92) and the Status register (U44) which allow 
the CPU to see which kind of interrupt has occurred. Interrupts 
can be generated on receiver data register full, transmitter reg- 
ister empty, and any one of the errors — parity, framing, or data 
overrun. This allows a minimum of CPU overhead in transfer- 
ring data to or from the UART. The interrupt mask register is 
port E0 (write) and the interrupt status register is port E0 (read). 
Refer to the IO Port description for a full breakdown of all inter- 
rupts and their bit positions. 
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All Model I, III, and 4 software written for the RS-232-C interface 
is compatible with the Model 4P RS-232-C circuit, provided the 
software does not use the sense switches to configure the in- 
terface. The programmer can get around this problem by di- 
rectly programming the BRG and UART for the desired 
configuration or by using the SETCOM command of the disk 
operating system to configure the interface . The TRS-80 RS- 
232C Interface hardware manual has a good discussion of the 
RS-232C standard and specific programming examples (Cat- 
alog Number 26-1 145). 

Pinout Listing 

The following list is a pinout description of the DB-25 connector 
(P1). 

Pin No. Signal 

1 PGND (Protective Ground) 

2 TD (Transmit Data) 

3 RD (Receive Data) 

4 RTS (Request to Send) 

5 CTS (Clear To Send) 

6 DSR (Data Set Ready) 

7 SGND (Signal Ground) 

8 CD (Carrier Detect) 

1 9 SRTS (Spare Request to Send) 

20 DTR (Data Terminal Ready) 
22 Rl (Ring Indicate) 
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5.1.17 CPU Board Troubleshooting Guide 

This section is a general guide for service personnel to check 
out and troubleshoot the Model 4P Main Logic CPU Board. Pro- 
cedures in section 4 Troubleshooting should be followed before 
proceeding to following steps. This guide will provide step by 
step procedures to help isolate the faulty area on the CPU 
board. Knowledge of each area of the CPU board is necessary 
to determine exact component failure. Refer of CPU Board 
Schematics and Theory of Operation during troubleshooting for 
specific check points and testing. 



13. Check all handshaking signals to FDC chip from CPU. 
If okay, go to 1 4; if bad, repair as necessary. 

14. Check Data Bus and control lines. 

If okay, then problem still exists in Floppy Disk Circuit or 
Floppy Disk Drive. Refer to each section accordingly. If 
bad, replace as necessary. 

15. If unit boots okay, then boot Model 4P Diagnostics Diskette 
and execute each diagnostic to isolate any minor problems 
on CPU Board. 



1 . No video messages are displayed and correct data does 
not appear at video output connector J9. 

If above condition exists, go to 2; if video okay, but Model 
4P does not boot properly, go to 1 0. 
If video and boot-up is okay, go to 15. 

2. Check for video timing signals 12M and 10M and input of 
U127. 

If okay, go to 3; if one or both bad, go to 7. 

3. Check for proper timing signals output from U 1 27 (SHIFT*, 
XADR7*, CRTCLK, POT*, LOAD*, LOADS*, DCLK). 

If okay, then go to 4; if one or more bad, replace U 127 or 
U128. 

4. Check if 68046 U85 is working properly and has correct in- 
put signals. 

If all okay, then go to 5. If bad, replace U85 or check for in- 
put signals where they originate. 

5. Check for timing and proper signals at U82 and U42. 
If bad, replace as necessary; if okay, go to 6. 

6. Check shift register and repair. 

7. Check for 20M output of Y1 pin 8. 
If okay, go to 8; if bad, replace Y1 . 

8. Check for outputs of U 1 26 (PCLK, RS232CLK, and 1 0M). 
If okay, then go to 9; if any bad, replace U126. 

9. Check for 12M at output of U148 pin 9. 

If okay, then video should work; if bad, check U147, U148, 
and U149 and replace if necessary. 

1 0. Run Memory Test in Boot ROM by holding down period (.) 
and toggling Reset. 

If memory checks okay, then go to 1 1 ; if not, check mem- 
ory circuit and/or replace RAM chips. 

1 1 . Check Clock circuit of Floppy Disk Controller. 

If 4MHz, 2MH, and 1 MHz okay, go to 1 2; if bad, repair or 
replace necessary components. 

12. Check for all incoming signals to the FDC chip U13. 
If any bad, repair as necessary; if okay, go to 13. 
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Parts List 



Main PCB Assembly, Model 4P Computer 



Item 


Sym 


Description 


Part Number 


1 


1 


PCB, Main Logic 


8709427 


2 


21 


Staking Pin 


8529014 


3 


1 


Socket, 8-Pin DIP (U79) 


8509011 


4 


16 


Socket, 16-Pin DIP (0115-130) 


8509003 


5 


1 


Socket, 18-Pin DIP (076) 


8509006 


6 


10 


Socket, 20-Pin DIP (039-41, 
47,50,51,62,63,84,110) 


8509009 


7 


3 


Socket, 24-Pin DIP (016,24,44) 


8509001 


8 


4 


Socket, 40-Pin DIP (026,43, 
072,81) 


8509002 


9 


1 


Connector, 4-Pin (J8) 


8519210 


10 


1 


Connector, 3-Pin (J10) 




11 


1 


Connector, 6-Pin (J9) 


8519211 


12 


1 


Connector, Dual 8 (J6) 


8519184 


13 


1 


Connector, 34-Pin (J5) 




14 


1 


Connector, 34-Pin (J7) 




15 


1 


Connector, 25-Pin (J4) 


8519109 



Bl 

CI 

thru 

Cll 

C13 

C15 

thru 

C20 

C22 

thru 

C48 

C50 

thru 

C64 

C66 

thru 

C88 

C90 

thru 

C130 



Transducer, Sound 
Capacitor, .1 mfd, 



Capacitor, .1 mfd, 
Capacitor, .1 mfd, 



50V Mono Axial 



50V Mono Axial 
50V Mono Axial 



Capacitor, .1 mfd, 50V Mono Axial 

Capacitor, .1 mfd, 50V Mono Axial 

Capacitor, .1 mfd, 50V Mono Axial 

Capacitor, .1 mfd, 50V Mono Axial 



8490003 
8374104 



8374104 
8374104 



8374104 
8374104 
8374104 
8374104 
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Main 


PCB Assembly, Mod* 


b1 4P Computer 






Item 


Sym 


Description 




Part Number 




C131 


Capacitor , 


22 mfd, 16V Elec 


Radial 


8326221 




thru 












C138 












C139 


Capacitor , 


1000 pfd, 50V Cer 


' Disk 


8302104 




C140 


Capacitor , 


.022 mfd, 50V Cer 


• Disk 


8303224 




C141 


Capacitor , 


.022 mfd, 50V Cer 


• Disk 


8303224 




C142 


Capacitor , 


33 pfd, 50V Cer Disk 


8 30033 4 




C143 


Capacitor , 


1500 pfd, 50V Cer 


Disk 






C144 


Capacitor , 


1500 pfd, 50V Cer 


Disk 






C145 


Capacitor , 


.1 mfd, 50V Mono 


Axial 


8374104 




C146 


Capacitor , 


.1 mfd, 50V Mono 


Axial 


8374104 




C148 


Capacitor , 


9-35 mfd, Trimmer 








C149 


Capacitor , 


.1 mfd, 50V Mono 


Axial 


8374104 




C150 


Capacitor , 


180 pfd, 50V C.Disk Z5U 


8301184 




thru 












C152 












C153 


Capacitor , 


100 pfd, 50V Cer 


Disk 


8301104 




C154 


Capacitor , 


470 pfd, 50V Cer 


Disk 


8301474 




C155 


Capacitor , 


180 pfd, 50V Cer 


Disk Z5U 8301184 




C156 


Capacitor , 


100 pfd, 50V Cer 


Disk 


8301104 




C157 


Capacitor , 


33 mfd, 16V Elec 


Radial 


8326331 




C158 


Capacitor , 


200 pfd, 50V Cer 


Disk Z5U 8301223 




C159 


Capacitor , 


.1 mfd, 50V Mono 


Axial 


8374104 




C161 


Capacitor , 


10 mfd, 16V Elec 


Radial 


8326101 




C162 


Capacitor , 


10 mfd, 16V Elec 


Radial 


8326101 




C166 


Capacitor , 


.1 mfd, 50V Mono 


Axial 


8374104 




C172 


Capacitor , 


.1 mfd, 50V Mono 


Axial 


8374104 




C176 


Capacitor , 


.1 mfd, 50V Mono 


Axial 


8374104 




C181 


Capacitor , 


.1 mfd, 50V Mono 


Axial 


8374104 




C200 


Capacitor , 


.1 mfd, 50V Mono 


Axial 


8374104 




C201 


Capacitor , 


22 mfd, 16V Elec 


Radial 


8326221 




C202 


Capacitor , 


10 mfd, 16V Elec 


Radial 


8326101 




C203 


Capacitor , 


.1 mfd, 50V Mono 


Axial 


8374104 




C204 


Capacitor , 


10 mfd, 16V Elec 


Radial 


8326101 




C205 


Capacitor , 


100 pfd, 50V Cer 


Disk 


8301104 




CRl 


Diode, 1N4148 




8150148 




Ql 


Transistor 


, 2N3906 




8100906 




Q2 


Transistor 


, 2N3906 




8100906 
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Parts List 



Main PCB Assembly, Model 4P Computer 
Item Sym Description 



Part Number 



Rl 

R2 

R3 

thru 

R5 

R6 

R7 

R8 

R9 

Rll 

R12 

R13 

R14 

R15 

R16 

R17 

R18 

R19 

R20 

thru 

23 

R24 

R25 

R26 

R27 

R28 

R29 

R30 

R31 

thru 

R33 

R34 

R36 

R37 

thru 

R39 

R42 

R43 

R44 

thru 

46 

RPl 
RP2 
RP3 



Resistor 
Resistor 
Resistor 



Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 



Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 



Resistor 
Resistor 
Resistor 



Resistor 
Resistor 
Resistor 



750 ohm, 1/4W 5% 
100 kohm, 1/4W 5% 
4.7 kohm, 1/4W 5% 



22 ohm, 1/4W 5% 
220 ohm, 1/4W 5% 
1.2 kohm, 1/4W 5% 
2.2 kohm, 1/4W 5% 
100 ohm, 1/4W 5% 
130 ohm, 1/4W 5% 
130 ohm, 1/4W 5% 
1 kohm, 1/4W 5% 
1 kohm, 1/4W 5% 
3 kohm, 1/4W 5% 
820 ohm, 1/4W 5% 
200 ohm, 1/4W 5% 
160 kohm, 1/4W 5% 
27 ohm, 1/4W 5% 



910 ohm, 
910 ohm, 
150 ohm, 
10 kohm, 
10 kohm, 
270 kohm, 



1/4W 
1/4W 
1/4W 
1/4W 
1/4W 
1/4W 



5% 
5% 
5% 
5% 
5% 
5% 



20 kohm, 1/4W 5% 
4.7 kohm, 1/4W 5% 



3.6 kohm, 1/4W 5% 
120 ohm, 1/4W 5% 
150 ohm, 1/4W 5% 



4.7 kohm, 1/4W 5% 
10 kohm, 1/4W 5% 



Resistor Pak 27 ohm, 16-Pin DIP 
Resistor Pak 1.5 kohm, 10-Pin SIP 
Resistor Pak 150 ohm, 10-Pin SIP 



8207175 
8207410 
8207247 



8207022 
8207122 
8207212 
8207222 
8207110 
8207113 
8207113 
8207210 
8207210 
8207230 
8207182 
8207120 
8207416 
8207027 



8207191 
8207191 
8207115 
8207310 
8207310 
8207427 
8207320 
8207247 



8207236 
8207112 
8207115 



8207247 
8207310 



8290027 
8290015 
8290013 
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Main PCB Assembly, Model 4P Computer 




Item Sym 


Description 


Part Number 


Ul 


ic, 


, 74LS123, Multivibrator 


8020123 


U2 


IC, 


74LS374, Flip Flop 


8020374 


U3 


IC, 


74LS244, Octal Buffer 


8020244 


U4 


IC, 


74LS38, Quad 2-Input NAND 


8020038 


U5 


IC, 


74LS08, Quad 2-Input AND 


8020008 


U6 


IC, 


7 4LS04, Hex Inverter 


8020004 


U7 


IC, 


74LS245, Transceiver 


8020245 


U8 


IC, 


74LS244, Octal Buffer 


8020244 


U9 


IC, 


74LS367, Hex Driver 


8020367 


U10 


IC, 


7 4LS04, Hex Inverter 


8020004 


Ull 


IC, 


74LS74, Flip Flop 


8020074 


U13 


IC, 


74LS02, 2-Input NOR 


8020002 


U15 


IC, 


74S32, Quad 2-Input OR 


8010032 


U16 


IC, 


MCM68A316E, Character ROM 


8049007 


U17 


IC, 


74LS244, Octal Buffer 


8020244 


U18 


IC, 


74SLS166, 8-Bit Shift Reg 


8020166 


U19 


IC, 


74LS175, Quad Flip .Flop 


8020175 


U20 


IC, 


74S04, Hex Inverter 


8010004 


U22 


IC, 


74LS153, Multiplexer 


8020153 


U23 


IC, 


74LS244, Octal Buffer 


8020244 


U24 


IC, 


4016, 2K x 8 RAM Static 


8040116 


U25 


IC 


, 74LS157, Multiplexer 


8020157 


U26 


IC 


, 68045, CRTC 


8040045 


U27 


IC, 


, 74LS273, Flip Flop 


8020273 


U28 


IC 


, 7 4LS37 3, Octal Latch 


8020373 


U29 


IC 


, 74LS157, Multiplexer 


8020157 


U30 


IC, 


, 74LS14, Hex Inverter 


8020014 


U31 


IC 


, 74LS02, 2-Input NOR 


8020002 


U32 


IC, 


, 74LS08, Quad 2-Input AND 


8020008 


U33 


IC 


, 7 4LS00, Quad 2-Input NAND 


8020000 


U34 


IC 


, 74LS157, Multiplexer 


8020157 


U35 


IC 


, 74LS51, AND-OR Inverter 


8020051 


U36 


IC 


, 7 4LS00, Quad 2-Input NAND 


8020000 


U37 


IC 


, 74LS86, Quad 2-Input OR 


8020086 


U38 


IC 


, 74LS368, Hex Driver 


8020368 


U39 


IC 


, 74LS244, Octal Buffer 


8020244 


U40 


IC 


, 74LS245, Transceiver 


8020245 


U41 


IC 


, 74LS244, Octal Buffer 


8020244 


U42 


IC 


, 7 4F04, Hex Inverter 


8015004 


U43 


IC 


, Z80A, CPU 


8047880 


U44 


IC 


, MCM68A322, Boot ROM 




U45 


IC 


, 74LS138, 1 of 8 Demultiplexer 


8020138 


U46 


IC 


, 74LS138, 1 of 8 Demultiplexer 


8020138 
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Parts List 



Main PCB Assembly, Model 4P Computer 



Item Sym Description 



Part Number 



PAL10L8, Control Decode 8075608 

74LS90, Counter 8020090 

PAL16R6A, System Timing 8075066 

PAL10L8, Video Timing 8075708 

NE564, PLL/VCO 8040564 

74LS04, Binary Counter 8020004 

74LS161, Counter 8020161 
74LS138, 1 of 8 Demultiplexer 8020138 

74LS244, Octal Buffer 8020244 

74LS174, Flip Flop 8020174 

74LS273, Flip Flop 8020273 

74LS174, Flip Flop 8020174 

74LS74, Flip Flop 8020074 

PAL16L8, Memory Map 8075668 

PAL16L8, Page Map 8075568 

74LS32, Quad 2-Input OR 8020032 

1488, Driver 8050188 

1489, Receiver 8050189 
1489, Receiver 8050189 
74LS244, Octal Buffer 8020244 
74LS367, Hex Driver 8020367 
74LS27, Triple 3-Input NOR 8020027 
TR1865, UART 8040865 
74LS174, Flip Flop 8020174 
74LS367, Hex Driver 8020367 
74LS139, 1 of 4 Demultiplexer 8020139 
BR1943-00, Clock Generator 8040943 
74LS38, Quad 2-Input NAND 8020038 
74LS04, Hex Inverter 8020004 
FDC9216 8040216 
74LS245, Transceiver 8020245 
WD1793 8030793 
74LS260, 5-Input NOR 8020260 
7416, Hex Inverter 8000016 
74LS245, Transceiver 8020245 
74LS02, 2-Input NOR 8020002 
74LS174, Flip Flop 8020174 
74LS04, Hex Inverter 8020004 
74LS368, Hex Driver 8020368 
74LS38, Quad 2-Input NAND 8020038 
7416, Hex Inverter 8000016 
74LS93, Binary Counter 8020093 
7416, Hex Inverter 8000016 
74LS08, Quad 2-Input AND 8020008 



U47 
U48 
U50 
U51 
U52 
U53 
U54 
U55 
U56 
U57 
U58 
U59 
U60 
U62 
U63 
U64 
U66 
U67 
U68 
U69 
U70 
U71 
U72 
U73 
U74 
y75 
U76 
U77 
U78 
U79 
U80 
U81 
U82 
U83 
U84 
U85 
U86 
U87 
U88 
U90 
U91 
U92 
U93 
U94 



IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
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Parts List 








Main PCB Assembly, Model 4P Computer 




Item Sym 


Description 


Part Number 


U95 


IC, 


74LS04, Hex Inverter 


8020004 


U96 


IC, 


74LS00, Quad 2-Input NAND 


8020000 


U97 


IC, 


74LS74, Flip Flop 


8020074 


U98 


IC, 


7 4LS00, Quad 2-Input NAND 


8020000 


U99 


IC, 


74LS195, Shift Register 


8020195 


U100 


IC, 


74LS240, Octal Buffer 


8020240 


U101 


IC, 


74LS32, Quad 2-Input OR 


8020032 


U102 


IC, 


74LS74, Flip Flop 


8020074 






Delay Line 




U105 


IC, 


74LS74, Flip Flop 


8020074 


U106 


IC, 


MC14040, Binary Counter 


8030040 


U107 


IC, 


74LS123, Multivibrator 


8020123 


U108 


IC, 


74LS15 7, Multiplexer 


8020157 


U109 


IC, 


74LS157, Multiplexer 


8020157 


U110 


IC, 


74LS245, Transceiver 


8020245 


Ulll 


IC, 


7 4S6 4, AND-OR Inverter 


8010064 


U112 


IC, 


74S32, Quad 2-Input OR 


8010032 


U113 


IC, 


74S112, J-K Flip Flop 


8010112 


U114 


IC, 


74F08, Quad 2-Input AND 


8015008 


U115 


IC, 


MCM6665, 64K DRAM, 200 nsec 


8040665 


thru 








U130 








U131 


IC, 


74LS283, Binary Adder 


8020283 


U161 


IC, 


74LS11, Triple 3-Input AND 


80' ? 0011 


Yl 


Crystal, 20.2752 MHz 


8409032 


Y2 


Crystal, 4 MHz 


8409010 
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4P GATE ARRAY THEORY OF OPERATION 



5.2 CPU THEORY OF OPERATION 

5.2.1 Introduction 

Contained in the following paragraphs is a description of the 
component parts of the Model 4P CPU Gate Array. It is divided 
into the logical operational functions of the computer. All com- 
ponents are located on the Main CPU board inside the case 
housing. Refer to Section 3 for disassembly/assembly 
procedures. 

5.2.2 Reset Circuit 

The Model 4P reset circuit provides the neccessary reset 
pulses to all circuits during power up and reset operations. R25 
and C21 4 provide a time constant which holds the input of U 1 21 
low during power-up. This allows power to be stable to all cir- 
cuits before the RESET* and RESET signals are applied. When 
C21 4 charges to a logic high, the output of U121 triggers the 
input of a retriggerable one-shot multivibrator (U1). U1 outputs 
a pulse with an approximate width of 70 microsecs. When the 
reset switch is pressed on the front panel, this discharges C21 4 
and holds the input of U121 low until the switch is released. On 
release of the switch, C214 again charges up, triggering U121 
and U1 to reset the microcomputer. Another signal POWRST* 
is generated to clear drive select circuit immediately when 
reset switch is pressed. 

5.2.3 CPU 

The central processing unit (CPU) of the Model 4P microcom- 
puter is a Z80A microprocessor. The Z80A is capable of run- 
ning in either 2 MHz or 4 MHz mode. The CPU controls all 
functions of the microcomputer through use of its address lines 
(A0-A15), data lines (D0-D7), and control lines (/M1, /IOREQ, 
/RD, /WR, /MREQ, and /RFSH). The address lines (A0-A15) 
are buffered to other ICs through two 74LS244s (U67 and U27) 
which are enabled all the time with their enables pulled to GND. 
The control lines are buffered to other ICs through a 74F04 
(U87). The data lines (D0-D7) are buffered through a bi-direc- 
tional 74LS245 (U86) which is enabled by BUSEN* and the di- 
rection is controlled by BUSDIR*. 

5.2.4 System Timing 

The main timing reference of the microcomputer, with the 
exception of the FDC circuit, is generated by a Gate Array 
U148 and a 20.2752 MHz Crystal. This reference is inter- 
nally divided in the Gate Array to generate all necessary tim- 
ing for the CPU, video circuit, and RS-232-C circuit. The 
CPU clock is generated U148 which can be either 2 or 
4MHz depending on the logic state of FAST input (pin 6 of 
U148). If FAST is a logic low, the U148 generates a 2.02752 
MHz clock. If FAST is a logic high, U148 generates a 
4.05504 MHz signal. PCLK (pin 23 of U148) is filtered 
through a ferrite bead (FB2) and 22ft Resistor (R9) and then 



fed to the CPU U45. PCLK is generated as a symmetrical 
clock and is never allowed to be short cycled, (eg.) Not al- 
lowed to generate a low or high pulse under 110 
nanoseconds. 

5.2.4.1 Video Timing 

The video timing is also generated by U148 with the help of a 
PLL Multiplier Module (PMM) U146. These two ICs generate all 
the necessary timing signals for the four video modes: 64 x 1 6, 
32 x 1 6, 80 x 24, and 40 x 24. Two reference clocks are required 
for the four video modes. One reference clock is 1 0.1 376 MHz. 
It is generated internally to U 1 48, and is used by the 64 x 1 6 and 
32 x 16 modes. The second reference clock is a 12.672 MHz 
(12M) clock which is generated by the PMM U146. 12M clock 
is used by the 80 x 24 and 40 x 24 modes. A 1.2672 MHz 
(1.2M16) signal is output from pin 3 of U 148 and is generated 
from the master reference clock, the 20.2752 MHz crystal. 
1 .2M1 6 is used for a reference clock for the PMM. The PMM is 
internally set to oscillate at 1 2.672 MHz which is output as 1 2M. 
U148 divides 12M by 10 to generate a second 1.2672 MHz 
clock (1 .2M10) which is fed into pin 5 of U146 (PMM). The two 
1 .2672 MHz signals are internally compared in the PMM where 
it corrects the 1 2.672 MHz output so it is synchronized with the 
20.2752 MHz clock. 

MODSEL and 8064* signals are used to select the desired 
video mode. 8064* controls which reference clock is used by 
U127 and MODSEL controls the single or double character 
width mode. Refer to the following chart for selecting each 
video mode. 



8064* 


MODSEL 


Video Mode 








64x16 





1 


32x16 


1 





80x24 


1 


1 


40x24 



*This is the state to be written to latch U85. Signal is inverted 
before being input to U !48. 
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DCLK, the reference clock selected, is output from U148. U148 
generates SHIFT*, XADR7*, CRTCLK, LOADS*, and LOAD* 
for proper timing for the four video modes. U149 also generated 
H, I, and J which are fed to the Graphics Port J7 for reference 
timings of Hires graphics video. Refer to Video Timing, Figs. 5- 
3 and 5-4 for timing reference. 

5.2.5 Address Decode 

The Address Decode section will be divided into two subsec- 
tions: Memory Map decoding and Port Map decoding. 

5.2.5.1 Memory Map Decoding 

Memory Map Decoding is accomplished by Gate Array 4.2 
(U1 06). Four memory map modes are available which are com- 
patible with the Model III and Model 4 microcomputers. U1 06 is 
used for memory map control which also controls page map- 
ping of the 32K RAM pages. Refer to Memory Maps below. 

5.2.5.2 Port Map Decoding 

Port Map Decoding is accomplished by Gate Array 4.2 (U106). 
U106 decodes the low order address (A0-A7) from the CPU 
and decodes the port being selected. The IN* signal allows the 
CPU to read from a selected port and the OUT* signal allows 
the CPU to write to the selected port. Refer to IO Port 
Assignment. 

5.2.6 ROM 

The Model 4P contains only a 4K x 8 Boot ROM (U69). This 
ROM is used only to boot up a Disk Operating System into the 
RAM memory. If Model III operation or DOS is required, then 
the RAM from location 0000-37FFH must be loaded with an im- 
age of the Model III or 4 ROM code and then executed. A sys- 
tem program called MODEL A/Ill is supplied with the Model 4P 
to provide the ROM image for proper Model III operation. On 
power-up, the Boot ROM is selected and mapped into location 
0000-OFFFH. If the Boot ROM is not required after boot up, the 
Boot ROM must be mapped out by OUTing !o port 9CH with DO 
set or by selecting Memory Map modes 2 or 3. In Mode 1 the 
RAM is write enabled for the full 1 4K. This allows the RAM area 
mapped where Boot ROM is located to be written to while ex- 
ecuting out of the Boot ROM. Refer to Memory Maps. 

The Model 4P Boot ROM contains all the code necessary to 
initialize hardware, detect options selected from the keyboard, 
read a sector from a hard disk or floppy, and load a copy of the 
Model III ROM-Image (as mentioned) into the lower 14K of 
RAM. 



The firmware is divided into the following routines: 

* Hardware Initialization 

* Keyboard Scanner 

* Control 

* Floppy and Hard Disk Driver 

* Disk Directory Searcher 

* File Loader 

* Error Handler and Displayer 

* RS-232 Boot 

* Diagnostic Package 

Theory of Operation 

This section describes the operation of various routines in the 
ROM. Normally, the ROM is not addressable by normal use. 
However, there are several routines that are available through 
fixed calling locations and these may be used by operating sys- 
tems that are booting. 

On a power-up or RESET condition, the Z80's program counter 
is set to address and the boot ROM is switched-in. The mem- 
ory map of the system is set to Mode 0. (See Memory Map for 
details.) This will cause the Z80 to fetch instructions from the 
boot ROM. 

The Initialization section of the Boot ROM now performs these 
functions: 

1 . Disables maskable and non-maskable interrupts 

2. Interrupt mode 1 is selected 

3. Programs the CRT Controller 

4. Initializes the boot ROM control areas in RAM. 

5. Sets up a stack pointer 

6. Issues a Force Interrupt to the Floppy Disk Controller 
to abort any current activity 

7. Sets the system clock to 4mhz 

8. Sets the screen to 64 x 1 6 

9. Disables reverse video and the alternate character 
sets 

10. Tests for < . > key being pressed* 

11. Clears all 2K of video memory 

* This is a special test. If the < . > is being pressed, then 
control is transferred to the diagnostic package in the 
ROM. All other keys are scanned via the Keyboard 
Scanner. 
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Figure 5-20. Video Timing 



64x16 Mode 
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80 x 24 Mode 
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Figure 5-21 . Video Timing 



32x16 Mode 
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40 x 24 Mode 
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The Keyboard scanner is now called. It scans the keyboard for 
a set period of time and returns several parameters based on 
which, if any, keys were pressed. 

The keyboard scanner checks for several different groups of 
keys. These are shown below: 



Function Group 


Selection Group 


<F1> 


A 


<F2> 


B 


<F3> 


C 


<1> 


D 


<2> 


E 


<3> 


F 


<Left-Shift> 


G 


<Right-Shift> 




<Ctrl> 




<Caps> 




Special Keys 


Misc Keys 


<P> 


<Enter> 


<L> 


<Break> 


<N> 





When any key in the Function Group is pressed, it is recorded 
in RAM and will be used by the Control routine in directing the 
action of the boot. If more than one of these keys are pressed 
during the keyboard scan, the last one detected will be the one 
that is used. The Function group keys are currently defined as: 



<F1>or<1> 

<F2>or<2> 

<F3>or<3> 

<Left-Shift> 

<Right-Shift> 

<Ctrl> 

<Caps> 



Will cause hard disk boot 
Will cause floppy disk boot 
Will force Model III mode 
Reserved for future use 
Boot from RS-232 port 
Reserved for future use 
Reserved for future use 



<L> Instructs the Control routine to 

load the Model III ROM-image, 
even if it is already loaded. This 
is useful if the ROM-image has 
been corrupted or when switch- 
ing ROM-images. (Note that 
this will not cause the ROM- 
image to be loaded if the boot 
sector check indicates that the 
Model III ROM image is not 
needed. Press <F3> or <F3> 
and <L> to accomplish that. 

The Selection group keys are used in determining which file will 
be read from disk when the ROM-image is loaded. For details 
of this operation, see the Disk Directory Searcher. If more than 
one of the Selection group keys are pressed, the last one de- 
tected will be the one that is used. 

The Miscellaneous keys are: 

<Break> Pressing this key is simply re- 

corded by setting location 
405BH non-zero. It is up to an 
operating system to use this 
flag if desired. 

<Enter> Terminates the Keyboard rou- 

tine. Any other keys pressed up 
to that time will be acted upon. 
<Enter> is useful for experi- 
enced users who do not want to 
wait until the keyboard timer 
expires. 



The Control section now takes over and follows the following 
flowchart. 



The Special keys are commands to the Control routine which 
direct handling of the Model III ROM-image. Each key is de- 
tected individually. 



<P> 



<N> 



When loading the Model III 
ROM-image, the user will be 
prompted when the disks can 
be switched or when ROM 
BASIC can be entered by 
pressing <Break>. 
Instructs the Control routine to 
not load the Model III ROM- 
image, even if it appears that 
the operating system being 
booted requires it. 
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Stop 
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Display 
"ROM Image 
is loaded" 
message 



Wait for 
<ENTER> or 
<BREAK> to 
be pressed 






Switch boot ROM 
out of Memory 



Jump to 
Transfer Address 



(2> 



> 



Write-protect 
memory (Mode 0) 



3L 



Set CPU speed 
to 2MHz 



Initialize 
RS-232 Port 
Note: 6 



Wait for 
Carrier Detect 



Determine 
Correct 
Baud Rate 



Transmit Baud 
Rate Detect 
Message 



© 
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y 



CD 



Wait for 
Sync Byte 
(FFH) 



Load program 
from RS-232 




Yes 



> 



Display and 
transmit error 



-*£> 



Transfer 
control 
to address 
received 



Packages that do not reference the Model III ROM in the 
boot sector can still cause the Model III ROM image to be 
loaded by coding a CDxxOO somewhere in the boot sector. 
It does not have to be executable. At the same time, Model 
4 packages must take care that there is no sequence of 
bytes in the boot sector that could be mis-interpreted to be 
a reference to the Boot ROM. An example of this would be 
sequence 06CD0E00, which is a LD B,0CDH and a LD 
C,0. If the boot sector cannot be changed, then the user 
must press the <F3> key each time the system is started 
to inform the ROM that the disk contains a Model III pack- 
age which needs the Model III ROM-image. 

(2) If you are loading a Model 4 operating system, then the 
boot ROM will always transfer control to the first byte of the 
boot sector, which is at 4300H. If you are loading a Model 
III operating system or about to use Model III ROM BASIC, 
then the transfer address is 301 5H. This is the address of 
a jump vector in the"C" ROM of the Model III ROM image, 
and this will cause the system to behave exactly like a 
Model III. If the ROM-image file that is loaded has a differ- 
ent transfer address, then that address will be used when 
loading is complete. If the image is already present, it will 
use 301 5H. 

(3) Two different tests are done to insure that the Model III 
ROM image is present. The first test is to check ever third 
location starting at 3000H for a C3H. This is done for 1 lo- 
cations. If any of these locations does not contain a C3H, 
then the ROM image is considered to be "not present". 
The next test is to check two bytes at location 000BH. If 
these addresses contain E9E1 H, then the ROM image is 
considered to be "present". 



Notes: 



(4) See Disk Director Searcher for more information. 



( 1 ) If the boot sector was not 256 bytes in length, then it is as- 
sumed to be a Model III package, and the ROM-image will 
be needed. If the sector is 256 bytes in length, then the 
sector is scanned for the sequence CDxxOOH. The CD is 
the first byte of a Z80 unconditional subroutine call. The 
next byte can have any value. The third byte is tested 
against a zero. What this check does is test for any refer- 
ences to the first 256 bytes of memory. All Radio Shack 
Model III operating systems, and many other packages all 
reference the ROM at some point during the boot sector. 
Most boot sectors will display a message if the system can- 
not be loaded. To save space, these routines use the 
Model III ROM calls to display the message. Several ROM 
calls have their entry points in the first 256 bytes of mem- 
ory, and these references are detected by the boot ROM. 



(5) See File Loader for more information. 

(6) The RS-232 loader is described under RS-232 Boot. 

Disk Directory Searcher 

When the Model I II ROM image is to be loaded, it is always read 
from the floppy in drive 0. 

Before the operation begins, some checks are made. First, the 
boot sector is read in from the floppy and the first byte is 
checked to make sure it is either a 00H or a FEH. If the byte 
contains some other value, no attempt will be made to read the 
ROM image from that disk. The location of the directory cylinder 
is then taken from the boot sector and the type of disk is deter- 
mined. This is done by examining the Data Address Mark that 
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was picked up by the Floppy Disk Controller (FDC) during the 
read of the sector. If the DAM equals 1 , the disk is a TRSDOS 
1 .x style disk. If the DAM equals 0, then the disk is a LDOS 5.1/ 
TRSDOS 6 style disk. This is important since TRSDOS 1.x 
disks number sectors starting with 1 and LDOS style disks 
number sectors starting with 0. 

Once the disk type has been determined, an extra test is made 
if the disk is a LDOS style disk. This test reads the Granule Al- 
location Table (GAT) to determine if the disk is single sided or 
double sided. 



Floppy and Hard Disk Driver 

The disk drivers are entered via RST 8H and will read a sector 
anywhere on a floppy disk and anywhere on head 1 (top-head) 
in a hard disk drive. Either 256 or 5 1 2 byte sectors are readable 
by these routines and they make the determination of the sector 
size. The hard disk driver is compatible with both the WD 1000 
and the WD1 01 controllers. The floppy disk driver is written for 
the WD1 793 controller. 

Serial Loader 



The directory is then read one record at a time and a compare 
is made against the pattern 'MODEL% ' for the filename and 
'III' for the extension. The '%' means that any character will 
match this position. If the user pressed one of the selection 
keys (A-G) during the keyboard scan, then that character is 
substituted in place of the '%' character. For example, if you 
pressed 'D', then the search would be for the file 'MODELD ', 
with the extension 'III'. The searching algorithm searches until 
it finds the entry or it reaches the end of the directory. 

Once the entry has been found, the extent information for that 
file is copied into a control block for later use. 

File Loader 

The file loader is actually two modules — the actual loader and 
a set of routines to fetch bytes from the file on disk. The loader 
is invoked via a RST 28H. The byte fetcher is called by the 
loader using RST 20H. Since restart vectors can be re-directed, 
the same loader is used by the RS-232 boot. The difference is 
that the RST 20H is redirected to point to the RS-232 data re- 
ceiving routine. The loader reads standard loader records and 
acts upon two types: 

01 Data Load 

1 byte with length of block, including address 

1 word with address to load the data 

n bytes of data, where n + 2 equals the length specified 

02 Transfer Address 

1 byte with the value of 02 

1 word with the address to start execution at. 

Any other loader code is treated as a comment block and is ig- 
nored. Once an 02 record has been found, the loader stops 
reading, even if there is additional data, so be sure to place the 
02 record at the end of the file. 



Invoking the serial loader is similar to forcing a boot from hard 
disk or floppy. In this case the right shift key must be pressed at 
some time during the first three seconds after reset. The pro- 
gram does not care if the key is pressed forever, making it con- 
venient to connect pins 8 and 1 of the keyboard connector with 
a shorting plug for bench testing of boards. This assumes that 
the object program being loaded does not care about the key 
closure. 

Upon entry, the program first asserts DTR (J4 pin 20) and RTS 
(J4 pin 4) true. Next, "Not Ready" is printed on the topmost line 
of the video display. Modem status line CD (J4 pin 8) is then 
sampled. The program loops until it finds CD asserted true. At 
that time the message "Ready" is displayed. Then the program 
sets about determining the baud rate from the host computer. 

To determine the baud rate, the program compares data re- 
ceived by the U ART to a test byte equal to '55' hex. The receiver 
is first set to 1 9200 baud. If ten bytes are received which are not 
equal to the test byte, the baud rate is reduced. This sequence 
is repeated until a valid test byte is received. If ten failures occur 
at 50 baud, the entire process begins again at 19200 baud. If a 
valid test byte is received, the program waits for ten more to ar- 
rive before concluding that it has determined the correct baud 
rate. If at this time an improper byte is received or a receiver er- 
ror (overrun, framing, or parity) is intercepted, the task begins 
again at 19200 baud. 

In order to get to this point, the host or the modem must assert 
CD true. The host must transmit a sequence of test bytes equal 
to '55' hex with 8 data bits, odd parity, and 1 or 2 stop bits. The 
test bytes should be separated by approximately 0.1 second to 
avoid overrun errors. 

When the program has determined the baud rate, the message: 

"Found Baud Rate x" 



is displayed on the screen, where "x" is a letter from A to P, 
meaning: 

A = 50 baud E = 150 I = 1800 M = 4800 

B = 75 F = 300 J = 2000 N = 7200 

C = 110 G = 600 K = 2400 = 9600 

D = 134.5 H = 1200 L = 3600 P = 19200 
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The same message less the character signifying the baud rate 
is transmitted to the host, with the same baud rate and protocol. 
This message is the signal to the host to stop transmitting test 
bytes. 

After the program has transmitted the baud rate message, it 
reads from the UART data register in order to clear any overrun 
error that may have occurred due to the test bytes coming in 
during the transmission of the message. This is because the re- 
ceiver must be made ready to receive a sync byte signalling the 
beginning of the command file. For this reason, it is important 
that the host wait until the entire baud rate message (16 char- 
acters) is received before transmitting the sync byte, which is 
equal to 'FF' hex. 

When the loader receives the sync byte, the message: 

"Loading" 

is displayed on the screen. Again, the same message is trans- 
mitted to the host, and, again, the host must wait for the entire 
transmission before starting into the command file. 

If the receiver should intercept a receive error while waiting for 
the sync byte, the entire operation up to this point is aborted. 
The video display is cleared and the message: 



(Since the file represents Z80 machine code and all 256 
combinations are meaningful, it would be disastrous to 
transmit nulls or other ASCII control codes as fillers, ac- 
knowledgement, or start-stop bytes. The only control 
codes needed are the standard command file control 
bytes.) 

Data can be transmitted to the loader at 1 9200 baud with no de- 
lays inserted. Two stop bits are recommended at high baud 
rates. 

See the File Loader description for more information on file 
loading. 

If a receive error should occur during file loading, the abort pro- 
cedure described above will take place, so when attempting re- 
mote control, it is wise to monitor the host receiver during 
transmission of the file. When the host is near the object board, 
as is the case in the factory application, or when more than one 
board is being loaded, it may be advantageous or even nec- 
essary to ignore the transmitted responses of the object 
board(s) and to manually pace the test byte, sync byte, and 
command file phases of the transmission process, using the 
video display for handshaking. 

System Programmers Information 



"Error, x" 

is displayed near the bottom of the screen, where "x" is a letter 
from B to H, meaning: 

B = parity error 

C = framing error 

D = parity & framing errors 

E = overrun error 

F = parity & overrun errors 

G = framing & overrun errors 

H = parity & framing & overrun errors 

The message: 

"Error" 

is then transmitted to the host. The entire process is then re- 
peated from the "Not Ready" message. A six second delay is 
inserted before reinitialization. This is longer than the time re- 
quired to transmit five bytes at 50 baud, so there is no need to 
be extra careful here. 

If the sync byte is received without error, then the "Loading" 
message is transmitted and the program is ready to receive the 
command file. After receiving the "Loading" message the host 
can transmit the file without nulls or delays between bytes. 



The Model 4P Boot ROM uses two areas of RAM while it is run- 
ning. These are 4000H to 40FFH and 4300H to 43FFH. (For 
512 byte boot sectors, the second area is 4300H to 44FFH.) If 
the Model III ROM Image is loaded, additional areas are used. 
See the technical reference manual for the system you are us- 
ing for a list of these areas. 

Operating systems that want to support a software restart by re- 
executing the contents of the boot ROM can accomplish this in 
one of two ways. If the operating system relies on the Model III 
ROM-Image, then jump to location as you have in the past. If 
the operating system is a Model 4 mode package, a simple way 
is to code the following instructions in your assembly and load 
them before you want to reset: 



Absolute Location 


Instruction 


0000 


Dl 


0001 


LD A,1 


0003 


OUT (9CH),A 



These instructions cause the boot ROM to become address- 
able. After executing the OUT instruction, the next instruction 
executed will be one in the boot ROM. (These instructions also 
exist in the Model III ROM image at location 0.) The boot ROM 
has been written so that the first instruction is at address 0005. 
The hardware must be in memory mode or else the boot ROM 
will not be switched in. This operation can be done with an OUT 
instruction and then a RST can be executed to have the ROM 
switched in. 
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Restarts can be redirected at any time while the ROM is 
switched in. All restarts jump to fixed locations in RAM and 
these areas may be changed to point to the routine that is to be 
executed. 

Restart RAM Location Default Use 

Cold Start/Boot 

Disk I/O Request 

Display string 

Display block 

Byte Fetch (Called by Loader) 

File Loader 

Keyboard scanner 

Reserved for future use 

NMI (Floppy I/O Command 

Complete) 



Display String (RST1 OH) 






none 


8 


4000H 


10 


4003H 


18 


4006H 


20 


4009H 


28 


400CH 


30 


400FH 


38 


401 2H 


66 


401 5H 



Accepts 
HL 

DE 



Returns 
Success Always 

A 

DE 

HL 



Pointer to text to be displayed. 
Text must be terminated with a null (0). 
Offset position on screen where text is to 
be displayed. 

(A 0000H will be the upper left-hand cor- 
ner of the display.) 



Altered 

Points to next position on video 

Points to the null (0). 



Display Block (RST18H) 



The above routines have fixed entry parameters. These are de- 
scribed here. 

Disk I/O Request (RST 8H) 



Accepts 
HL 



Accepts 
A 
B 



DE 
HL 



Returns 
Z 
NZ 

Error Codes 
3 
4 
5 
6 
7 

8 

9 

11 

12 



1 for floppy, 2 for hard disk 
Command 
Initialize 1 
Restore 4 
Seek 6 

Read 12 (All reads have an im- 

plied seek) 
Sector number to read 
The contents of the location disktype 
(405CH) are added to this value before 
an actual read. If the disk is a two sided 
floppy, just add 1 8 to the sector number. 
Cylinder number. (Only E is used in 
floppy operations) 

Address where data from a read opera- 
tion is to be stored. 



Success, Operation Completed 
Error, Error code in A 



Hard Disk drive is not ready 

Floppy disk drive is not ready 

Hard Disk drive is not available 

Floppy disk drive is not available 

Drive Not Ready and no Index (Disk in 

drive, door open) 

CRC Error 

Seek Error 

Lost Data 

ID Not Found 



Points to control vector in the format: 
+ Screen Offset 



+ 2 


Pointer to text, terminated with 


null 




+ 4 


Pointer to text, terminated with 


null 




+ n 


word FFFFH End of control 




vector 


or +n 


word FFFEH Next word is 




new Screen 




Offset 


If Z flag is set on entry, then the first screen offset is read from 


DE instead of from the control vector. 



Each string is positioned after the previous string, unless a 
FFFEH entry is found. This is used heavily in the ROM to re- 
duce duplication of words in error messages. 

Returns 
Success Always 

DE Points to next position on video 

Byte Fetch (RST 20H) 



Accepts None 
Returns 

Z 

NZ 



Errors 



2 
10 



Success, byte in A 
Failure, error code in A 



Any errors from the disk I/O call and: 

ROM Image can't be loaded — Too many 

extents 

ROM Image can't be loaded — Disk drive 

is not ready 
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File Loader (RST 28H) 

Accepts None 



Returns 
Z 
NZ 

Errors 



Success 

Failure, error code in A 



Any errors from the disk I/O call of the 
byte fetch call and: 
The ROM image was not found on drive 

There are several pieces of information left in memory by the 
boot ROM which are useful to system programmers. These are 
shown below: 



RAM Location 

401 DH 

4055H 



4056H 
4057H 

4059H 



405BH 
405CH 



Description 

ROM Image Selected (% for none 
selected or A-G) 
Boot type 

1 = Floppy 

2 = Hard disk 

3 = ARCNET 

4 = RS-232C 
5-7 = Reserved 

Boot Sector Size (1 for 256, 2 for 512) 

RS-232 Baud Rate (only valid on RS- 

232 boot) 

Function Key Selected 

= No function key selected 



<F1>or <1> 
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<F2> or <2> 


87 


<F3> or <3> 


88 


<Caps> 


85 


<Ctrl> 


84 


<Left-Shift> 


82 


<Right-Shift> 


83 


Reserved 


80-81 and 89-90 



Break Key Indication (non-zero if 

<Break> pressed) 

Disk type (0 for LDOS/ 

TRSDOS 6,1 for 
TRSDOS 1 .x) 



The DRAMs require multiplexed incoming address lines. This 
is accomplished by ICs U110 and U111 which are 74LS157 
multiplexers. Data to and from the DRAMs are buffered by a 
74LS245 (U1 18) which is controlled by Gate Array 4.2 (U106). 
The proper timing signals RASO*, RAS1*, MUX*, and CAS* are 
generated by a delay line circuit U94. U1 16 (1/2 of a 74S112) 
and U1 17 (1/4 of a 74F08) are used to generate a precharge 
circuit. During M1 cycles of the Z80A in 4 MHz mode, the high 
time in MREQ has a minimum time of 1 1 nanosecs. The spec- 
ification of 6665 DRAM requires a minimum of 1 20 nanosecs so 
this circuit will shorten the MREQ signal during the M1 cycle. 
The resulting signal PMREQ is used to start a RAM memory 
cycle through U 1 1 4 (a 74S64). Each different cycle is controlled 
at U1 14 to maintain a fast M1 cycle so no wait states are re- 
quired. The output of U 1 1 4 (PRAS*) is ANDed with RFSH to not 
allow MUX* and CAS* to be generated during a REFRESH 
cycle. PRAS* also generates either RASO* or RAS1*. depend- 
ing on which bank of RAM the CPU is selecting. GCAS* gen- 
erated by the delay line U94 is latched by U1 16 (1/2 of a 
74S1 12) and held to the end of the memory cycle. The output 
of U 1 1 6 is ANDed with VIDEO signal to disable the CAS* signal 
from occurring if the cycle is a video memory access. Refer to 
M1 Cycle Timing (Figure 5-8. and 5-9.), Memory Read and 
Memory Write Cycle Timing (Figure 5-1 0.) and (Figure 5-1 1 .). 



Keep in mind that Model III ROM image will initialize these 
areas, so this information is useful only to the Model 4 mode 
programmer. 

5.2.7 RAM 

Two configurations of Random Access Memory (RAM) are 
available on the Model 4P: 64K and 128K. The 64K and 128K 
option use the 6665-type 64K x 1 200NS Dynamic RAM, which 
requires only a single + 5v supply voltage. 
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MODE 



MODE 



(D 



Ul 



co ro 

CD ■ 



3 
o 



BOOT ROM 4K 



RAM 10K 
READ ONLY 



KEYBD IK 



VIDEO IK 



RAM 16K 



RAM 32K 



(DESPAGE, ENPAGE, 
SRCPAGE) 

^* (1,1,0) 




CI, 1,1) 



32K RAM 



32K RAM 



STATE LEVEL 



SEL0 = 





0V 


SELl = 





0V 


ROM = 


1 


0V 



RAM 14K 
READ ONLY 



KEYBD IK 



VIDEO IK 



RAM 16K 



RAM 32K 



(DESPAGE, ENPAGE, 
SRCPAGE) 

^r (1,1,0) 




(0,1,1) 



32K RAM 



32K RAM 



STATE LEVEL 



SEL0 = 





0V 


SELl = 





0V 


ROM = 





5V 



MODE 1 



MODE 1 



O 
O 



C 
(D 

Ol 
i 

IO 
CO 



CD 

3 
o 

3 



BOOT ROM 4K 



RAM 14K 
WRITE 0NLY4K 



KEYBD IK 



VIDEO IK 



RAM 16K 



(DESPAGE, ENPAGE, 
SRCPAGE) 

_ (1,1,0) 



RAM 32K 




<JZM,1> 



32K RAM 



32K RAM 



RAM 14K 



KEYBD IK 



VIDEO IK 



RAM 16K 



RAM 32K 



(DESPAGE, ENPAGE, 
SRCPAGE) 

— (1,1,0) 




(0,1,1) 



32K RAM 



32K RAM 



STATE LEVEL 



STATE LEVEL 



SEL0 = 


1 


5V 


SEL1 = 





0V 


ROM = 





5V 



SEL0 = 


1 


5V 


SEL1 = 





0V 


ROM = 


1 


0V 



MODE 2 



MODE 3 



c 

I 



CD 

3 
o 



RAM 32K 



RAM 29K 



KEYBD IK 



VIDEO 2K 



(DESPAGE, ENPAGE, 
SRCPAGE) 

^- (1,1,0) 




(0,1,1) 



SEL0 
SEL1 
ROM = 



32K RAM 



32 K RAM 



STATE LEVEL 



0V 
5V 



RAM 32K 



RAM 32K 



(DESPAGE, ENPAGE, 
SRCPAGE) 

^, (1,1,0) 




(0,1,1) 



32K RAM 



32K RAM 



STATE LEVEL 



SEL0 = 


1 


5V 


SEL1 = 


1 


5V 


ROM = 


X 





o 



CO 

c 

(D 
CJl 

ro 

CJl 



o 

CO 



3 
(Q 



ro 



N 



2MHz) PCLK _l 

A0-A15 f 



Ml . 
MREQ . 

RD . 
RFSH , 

PMREQ , 

RAMRDEN , 
PRAS* , 

RASEN0* or 
RASEN1* 

RAS0* or 

RAS1* 

MUX* 

CAS*, 

DRA0-DRA7 ( 
MD0-MD7 



1 



1 



I 



3C 



J~L 



J 



ROW ADD. V COL. ADD. ^TO XXXXXXM T 
fvALID DATA ) 



REFRESH ADD, 



DCZ 



3C 



WAVEFORMS 



Waveform 
Symbol 



Musi Be 
Valid 



\ \\ \\\ From H to L 

heit 



Change 
rfom L to H 



Output 



Will Be 
Valid 

Will Change 
From H 10 L 

Will Change 
From L to H 



Waveform „ 

Symbol ^ °^- ! 

_-—-—- Don't Care Changing 

(XXXXXm" Any Change Suit 

Permitted Unknown 



M.gh 
Tipeaance 



o 

C*3 



c 

(D 

cn 

i 
ro 



O 

«< 
o 

<D 



(Q 

X 
N 



(4MHz) PCLK , 
A0-A15 

Ml 
MREQ 

RD 
RFSH , 

PMREQ 

RAMRDEN , 
PRAS* , 

RASEN0* or 
RASEN1* 

RAS0* or 
RAS1* 

MUX* 
CAS* , 



J— 



dra0-dra7 roroxmv ro w add, y 



X 



n 



COL. ADD. 



REFRESH ADD. 



MD0-MD7 



VALID DATA 



CD 

C 

cn 

i 
ro 



o 



PCLK 
A0-A15 

MREQ 

RD 

PMREQ 



_r 



<D 




3 
o 


RAMRDEN 


3j 


PR AS* 


Q) 




Q. 

O 


RASEN0* or 


< 
o 


RASENl* 


(D 

H 


RAS0* or 


3 


RASl* 


3 


MUX* 



CAS* 

DRA0-DRA7 
MD0-MD7 



_r 



XXAAA/vWvf 



ROW ADD. 



X 



COL. ADD. 



VALID DATA 



J \_ 



I 



wmm — 



> 





c5' 

c 

CJ1 

rb 

P° 

3 

3 
o 

O 

o 

(D 

H 

3 

5* 


PCLK 

A0-A15 

MREQ 

WR 

PMREQ 

RAMWREN 

PRAS* 

RASEN0* or 
RASENl* 

RAS0* or 

RASl* 

MUX* 
CAS* 

DRA0-DRA7 
MD0-MD7 


-J 




t i 


. j 






T 2 








T 3 
\ 




j 






f 


i 


1 




t 


1 


! 




i \_ 






X 






















X 
























i 








I 


















1 






i 






s 
































o 

en 


r 




















i 




I 


















\ 






















i 


1 










i 






















|_ 




































L 


i 








1 






i 




























77WYYYYX 




ROW 


ADD. 




X 


COL 


. ADD 




» 


<xxxxxx 




— t£L 








WRITE DATA 









Memory Map — Model 4P 



Mode 1 



SELO = 1 = + 5V 
SEL1 = = OV 
ROM = = + 5V 



ModeO 


SELO 


= = OV 










SEL1 


= = OV 




0000 — 37FF 


RAM 




ROM 


= 1 = OV 




3800 — 3BFF 
3C00 — 3FFF 


Keyboard 
Video 


0000 — OFFF 




Boot ROM 


4K 


4000 — FFFF 


RAM 


1000 — 37FF 




RAM (Read Only) 


10K 






37E8 — 37E9 




Printer Status (Read Only) 


2 






3800 — 3BFF 




Keyboard 


1K 


Mode 2 


SELO = = OV 


3C00 — 3FFF 




Video 


1K 




SEL1 = 1 = +5V 


4000 — FFFF 




RAM 


48K 


0000 — F3FF 


ROM = X = Don't Care 
RAM 


ModeO 


SELO 


= = OV 




F400 — F7FF 


Keyboard 




SEL1 


= = ov 




F800 — FFFF 


Video 




ROM 


= = +5V 








0000 — 37FF 




RAM (Read Only) 


14K 


Mode 3 


SELO = 1 = + 5V 


37E8 — 37E9 




Printer Status (Read Only) 


2 




SEL1 =1 = +5V 


3800 — 3BFF 




Keyboard 


1K 




ROM = X = Don't Care 


3C00 — 3FFF 




Video 


1K 






4000 — FFFF 




RAM 


48K 


0000 — FFFF 


RAM 



14K 
1K 
1K 

48K 



61K 
1K 
2K 



64K 



Mode 1 



SELO = 1 = +5V 
SEL1 = = OV 
ROM = 1 = OV 



0000 — OFFF 
0000 — OFFF 
1000 — 37FF 
3800 — 3BFF 
3C00 — 3FFF 
4000 — FFFF 



Boot ROM 

RAM (Write Only) 

RAM 

Keyboard 

Video 

RAM 



4K 
4K 

10K 
1K 
1K 

48K 
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I/O Port Assignment 







Normally 






Port# 


Used 


Out 


In 


FC- 


-FF 


FF 


CASSOUT * 


MODIN * 


F8- 


-FB 


F8 


LPOUT * 


LPIN* 


F4- 


-F7 


F4 


DRVSEL * 


(RESERVED) 


F0- 


-F3 


- 


DISKOUT * 


DISKIN* 


FO 




FO 


FDC COMMAND REG. 


FDC STATUS REG. 


F1 




F1 


FDC TRACK REG. 


FDC TRACK REG. 


F2 




F2 


FDC SECTOR REG. 


FDC SECTOR REG. 


F3 




F3 


FDC DATA REG. 


FDC DATA REG. 


EC- 


-EF 


EC 


MODOUT * 


RTCIN * 


E8- 


-EB 


- 


RS2320UT * 


RS232IN * 


E8 




E8 


UART MASTER RESET 


MODEM STATUS 


E9 




E9 


BAUD RATE GEN. REG. 


(RESERVED) 


EA 




EA 


UART CONTROL AND 
MODEM CONTROL REG 


UART STATUS REG. 


EB 




EB 


UART TRANSMIT 
HOLDING REG. 


UARTHOLDINGREG 
(RESET D.R.) 


E4- 


-E7 


E4 


WR NMI MASK REG. * 


RD NMI STATUS * 


E0- 


-E3 


EO 


WR INT MASK REG. * 


RD INT MASK REG. * 


A0- 


-DF 


- 


(RESERVED) 


(RESERVED) 


9C- 


-9F 


9C 


BOOT* 


(RESERVED) 


94- 


-9B 


- 


(RESERVED) 


(RESERVED) 


90- 


-93 


90 


SEN* 


(RESERVED) 


8C- 


-8F 


- 


GSELO * 


GSELO * 


88- 


-8B 


- 


CRTCCS * 


(RESERVED) 


88, 8A 


88 


CRCTADD. REG. 


(RESERVED) 


89, 8B 


89 


CRCT DATA REG. 


(RESERVED) 


84- 


-87 


84 


OPREG * 


(RESERVED) 


80- 


-83 


- 


GSEL1 * 


GSEL1 * 
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I/O Port Description 

Name: CASSOUT* 

Port Address: FC — FF 
Access: WRITE ONLY 

Description: Output data to cassette or for sound 
generation 

Note: The Model 4P does not support cassette storage, 
this port is only used to generate sound that was to 
be output via cassette port. The Model 4P sends 
data to onboard sound circuit. 

DO = Cassette output level (sound data output) 

D1 = Reserved 

D2 — D7 = Undefined 



Name: MODIN * (CASSIN *) 

Port Address: FC— FF 

Access: READ ONLY 

Description: Configuration Status 



DO 


= 


D1 


= CASSMOTORON STATUS 


D2 


= MODSEL STATUS 


D3 


= ENALTSET STATUS 


D4 


= ENEXTIO STATUS 


D5 


= (NOT USED) 


D6 


= FAST STATUS 


07 


= 



Name: LPOUT * 

Port Address: F8— FB 
Access: WRITE ONLY 

Description: Output data to line printer 

DO — D7 = ASCII BYTE TO BE PRINTED 



Name: LPIN * 

Port Address: F8— FB 

Access: READONLY 

Description: Input line printer status 

DO — D3 = (RESERVED) 

D4 = FAULT 

1 = TRUE 

= FALSE 

D5 = UNIT SELECT 

1 = TRUE 

- FALSE 

D6 = OUTPAPER 

1 = TRUE 

= FALSE 

D7 = BUSY 

1 = TRUE 
= FALSE 



Name: DRVSEL * 

Port Address: F4 — F7 

Access: WRITE ONLY 

Description: Output FDC Configuration 

Note: Output to this port will ALWAYS cause a 1 -2 msec. 
(Microsecond) wait to the Z80. 



DO 


= DRIVE SELECT 


D1 


= DRIVE SELECT 1 


D2 


= (RESERVED) 


D3 


= (RESERVED) 


D4 


= SDSEL 




= SIDEO 




1 = SIDE 1 



D5 = PRECOMPEN 

= No write precompensation 

1 = Write Precompensation enabled 

D6 = WSGEN 

= No wait state generated 

1 = wait state generated 



Note: This wait state is to sync Z80 with FDC chip during 
FDC operation. 

D7 = DDEN * 

= Single Density enabled (FM) 

1 = Double Density enabled (MFM) 
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Name: DISKOUT * 

Port Address: FO— F3 

Access: WRITE ONLY 

Description: Output to FDC Control Registers 

Port FO = FDC Command Register 

Port F1 = FDC Track Register 

Port F2 = FDC Sector Register 

Port F3 = FDC Data Register 

(Refer to FDC Manual for Bit Assignments) 

Name: DISKIN * 

Port Address: FO — F3 

Access: READ ONLY 

Description: Input FDC Control Registers 

Port FO = FDC Status Register 

Port F1 = FDC Track Register 

Port F2 = FDC Sector Register 

Port F3 = FDC Data Register 

(Refer to FDC Manual for Bit Assignment) 



Name: MODOUT * 

Port Address: EC— EF 

Access: WRITE ONLY 

Description: Output to Configuration Latch 

DO = (RESERVED) 

D1 = CASSMOTORON (Sound enable) 

= Cassette Motor Off (Sound enabled) 

1 = Cassette Motor On (Sound disabled) 

D2 = MODSEL 

= 64 or 80 character mode 

1 = 32 or 40 character mode 

D3 = ENALTSET 

= Alternate character set disabled 

1 = Alternate character set enabled 



D4 


= ENEXTIO 




= External IO Bus disabled 




1 = External IO Bus enabled 


D5 


= (RESERVED) 


D6 


= FAST 




= 2 MHZ Mode 




1 = 4 MHZ Mode 


D7 


= (RESERVED) 



Name: RTCIN * 

Port Address: EC— EF 

Access: READ ONLY 

Description: Clear Real Time Clock Interrupt 

DO — D7 = DON'T CARE 



Name: RS2320UT* 

Port Address: E8— EB 
Access: WRITE ONLY 

Description: UART Control, Data Control, Modem Control, 
BRG Control 

Port E8 = UART Master Reset 

Port E9 = BAUD Rate Gen. Register 

Port EA = UART Control Register (Modem Control Reg.) 

Port EB = UART Transmit Holding Reg. 

(Refer to Model III or 4 Manual for Bit Assignments) 

Name: RS232IN * 

Port Address: E8— EB 

Access: READ ONLY 

Description: Input UART and Modem Status 

Port E8 = MODEM STATUS 

Port E9 = (RESERVED) 

Port EA = UART Status Register 

Port EB = UART Receive Holding Register (Resets DR) 

(Refer to Model III or 4 Manual for Bit Assignments) 
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Name: WRNMIMASKREG * 

Port Address: E4 — E7 

Access: WRITE ONLY 

Description: Output NMI Latch 

DO— D5 = (RESERVED) 

D6 = ENMOTOROFFINT 

= Disables Motoroff NMI 

1 = Enables Motoroff NMI 

D7 = ENINTRQ 

= Disables INTRQ NMI 

1 = Enables INTRQ NMI 



Name: RDNMISTATUS * 

Port Address: E4 — E7 

Access: READ ONLY 

Description: Input NMI Status 



= 

= (RESERVED) 

= RESET (not needed) 

= Reset Asserted (Problem) 

1 = Reset Negated 

= MOTOROFF 

= Motoroff Asserted 

1 = Motoroff Negated 

= INTRQ 

= INTRQ Asserted 

1 = INTRQ Negated 



Name: WRINTMASKREG * 

Port Address: EO — E3 
Access: WRITE ONLY 

Description: Output INT Latch 



DO 

D2 — D4 

D5 

D6 

D7 



DO— D1 
D2 

D3 

D4 



(RESERVED) 

ENRTC 

= Real time clock interrupt disabled 

1 = Real time clock interrupt enabled 

ENIOBUSINT 

= External IO Bus interrupt disabled 

1 = External IO Bus interrupt enabled 

ENXMITINT 

= RS232 Xmit Holding Reg. empty 
disabled 

1 = RS232 Xmit Holding Reg. empty 
enabled 



int. 
int. 



D5 



D6 



D7 



= ENRECINT 

= RS232 Rec. Data Reg. full int. disabled 

1 = RS232 Rec. Data Reg. full int. enabled 

= ENERRORINT 

= RS232 UART Error interrupts disabled 

1 = RS232 UART Error interrupts enabled 

= (RESERVED) 



Name: RDINTSTATUS * 

Port Address: EO — E3 

Access: READ ONLY 

Description: Input INT Status 

DO— D1 = (RESERVED) 

D2 = RTCINT 

D3 = IOBUS INT 

D4 = RS232 XMIT INT 

D5 = RS232 REC INT 

D6 = RS232 UART ERROR INT 

D7 = (RESERVED) 



Name: BOOT * 

Port Address: 9C — 9F 
Access: WRITE ONLY 

Description: Enable or Disable Boot ROM 

DO = ROM * 

= Boot ROM Disabled 

1 = Boot ROM Enabled 



D1— D7 



(RESERVED) 



Name: SEN * 

Port Address: 90 — 93 

Access: WRITE ONLY 

Description: Sound output 

DO = SOUND DATA 

D1— D7 = (RESERVED) 
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Name: 

Port Address: 

Access: 

Description: 

DO 



OPREG * 

84 

WRITE ONLY 

Output to operation reg. 

SELO 



D1 



SEL1 



D2 



SEL1 


SELO 


MODE 














1 


1 


1 





2 


1 


1 


3 




8064 

= 64 character mode 

1 = 80 character mode 





D3 



INVERSE 

= Inverse video disabled 

1 = Inverse video enabled 



D4 



D5 



D6 



D7 



SRCPAGE — Points to the page to be mapped 
as new page 

= U64K, L32K Page 

1 = U64K, U32K Page 

EN PAGE — Enables mapping of new page 

= Page mapping disabled 

1 = Page mapping enabled 

DESPAGE — Points to the page where new 
page is to be mapped; 

= L64K, U32K Page 

1 = L64K, L32K Page 

PAGE 

= Page of Video Memory 

1 = Page 1 of Video Memory 
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5.2.8 Video Circuit 

The heart of the video display circuit in the Model 4P is the 
68045 Cathode Ray Tube Controller (CRTC), U42. The CRTC 
is a preprogrammed video controller that provides two screen 
formats: 64 by 1 6 and 80 by 24. The format is controlled by pin 
3 of the CRTC (8064*). The CRTC generates all of the neces- 
sary signals required for the video display. These signals are 
VSYNC (Vertical Sync), HSYNC (Horizontal Sync) for proper 
sync of the monitor, DISPEN (Display Enable) which indicates 
when video data should be output to the monitor, the refresh 
memory addresses (MA0-MA13) which addresses the video 
RAM, and the row addresses (RA0-RA4) which indicates which 
scan line row is being displayed. The CRTC also provides hard- 
ware scrolling by writing to the internal Memory Start Address 
Register by OUTing to Port 88H. The internal cursor control of 
the 68045 is not used in the Model 4P video circuit. 

Since the 80 by 24 screen requires 1 ,920 screen memory lo- 
cations, a 2K by 8 static RAM (U82) is used for the video RAM. 
Addressing to the video RAM (U82) is provided by the 68045 
when refreshing the screen and by the CPU when updating of 
the data is performed. These two sets of address lines are mul- 
tiplexed by three 74LS157S (U41, U61, and U81). The multi- 
plexers are switched by CRTCLK which allows the CRTC to 
address the video RAM during the high state of CRTCLK and 
the CPU access during the low state. A1 from the CPU is con- 
trolled by PAGE* which allows two display pages in the 64 by 
16 format. When updates to the video RAM are performed by 
the CPU, the CPU is held in a WAIT state until the CRTC is not 
addressing the video RAM. This operation allows reads and 
writes to video RAM without causing hashing on the screen. 
The circuit that performs this function is a 74LS244 buffer 
(U84), an 8 bit transparent latch, 74LS373 (U83) and a Delay 
line circuit shared with Dynamic RAM timing circuit consisting 
of a 74LS74 (U98), 74LS32 (U96), 74LS04 (U95), 74LS00 
(U92), 74LS02 (U69), and Delay Line (U94). During a CPU 
Read Access to the Video RAM, the address is decoded by the 
GA 4.2 and asserts VIDEO* low. This is inverted by U95 (1/6 of 
74LS04) which pulls one input of U92 (1/4 of 74LS00) and in 
turn asserts VWAIT * low to the CPU. RD is high at this time and 
is latched into U98 (1/2 of 74LS74) on the rising edge of 
XADR7*, inverse of CRTCLK. 



When RD is latched by U98, the Q output goes low releasing 
WAIT* from the CPU. The same signal also is sent to the Delay 
Line (U94) through U1 17 (1/4 of 74F08). The Delay line delays 
the falling edge 240 ns for VLATCH* which latches the read 
data from the video RAM at U83. The data is latched so the 
CRTC can refresh the next address location and prevent any 
hashing. MRD* decoded by U1 06 and a memory read is ORed 
with VIDEO* which enables the data from U83 to the data bus. 
The CPU then reads the data and completes the cycle. A CPU 
write is slightly more complex in operation. As in the RD cycle, 
VIDEO* is asserted low which asserts VWAIT* low to the CPU. 
WR is high at this time which is NANDed with VIDEO and 
synced with CRTCLK to create VRAMDIS that disables the 
video RAM output. On the rising edge of XADR7*, WR is 
latched into U98 (1/2 of 74LS74) which releases VWAIT* and 
starts cycle through the Delay Line. After 30ns DLYVWR* (De- 
layed video write) is asserted low which also asserts VBUFEN* 
(Video Buffer Enable) low. VBUFEN* enabled data from the 
Data bus to the video RAM. Approximately 120ns later 
DLYVWR* is negated high which writes the data to the video 
RAM and negates VBUFEN* turning off buffer. The CPU then 
completes WR cycle to the video RAM. Refer to Video RAM 
CPU Access Timing Figure 5-1 2 for timing of above RD or WR 
cycles. 

During screen refresh, CRTCLK is high allowing the CRTC 
to address Video RAM. The data out of the video RAM is 
latched by LOAD* into Gate Array 4.3 (U102). INVERSE* 
determines if character should be alpha-numeric only (IN- 
VERSE* high) or unchanged (INVERSE* low). A9 is de- 
coded with ENALTSET (Enable Alternate Set) and 7, which 
controls the alternate set in the character generator ROM. 
See ENALTSET Control Table below. 



ENALTSET 


Q7 


Q6 


A9 

















1 











1 


1 


1 


1 











1 





1 


1 


1 


1 








1 


1 


1 
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RA0-RA3, row addresses from the CRTC are used to control 
which scan line is being displayed. The Model 4P has a 4-bit full 
adder 74LS283 (U101) to modify the Row address. During a 
character display DLYGRAPHIC* is high which applies a high to 
all 4 bits to be added to row address. This will result in subtract- 
ing one from Row address count and allow all characters to be 
displayed one scan line lower. The purpose is so inverse char- 
acters will appear within the inverse block. When a graphic 
block is displayed DLYGRAPHIC* is low which causes the row 
address to be unmodified. Moving jumper from E14-E15 to 
E15-E16 will disable this circuit. 

DLYCHAR* and DLYGRAPHICS are inverse signals and control 
which data is to be loaded into the internal shift register of U1 02. 
When DLYCHAR* is low and DLYGRAPHIC* is high, the Char- 
acter Generator ROM (U103) is enabled to output data. When 
DLYCHAR* is high and DLYGRAPHIC* is low the graphics char- 
acters are internally buffered to the shift register. The data is 
loaded into the internal shift register on the rising edge of 
SHIFT* when LOADS* is low. Serial video data is output 
U102.19. The video information is inverted by U 142 and F83, is 
filtered by R14 (47 ohm resistor), and C227 (100 pf Cap) and 
output to video monitor. VSYNC and HS YNC are buffered by (1 / 
2 of 74LS86) U143 and are also output to video monitor. Refer 
to Video Circuit Timing Figure 5-30 and Inverse Video Timing 
Figure 5-1 9 for timing relationships of Video Circuit. 

5.2.9 Keyboard 

The keyboard interface of the Model 4P consists of open col- 
lector drivers which drive an 8 by 8 key matrix keyboard and an 
inverting buffer which buffers the key or keys pressed on the 
data bus. The open collector drivers (U57 and U77 (7416) are 
driven by address lines A0-A7 which drive the column lines of 
the keyboard matrix. The ROW lines of the keyboard are pulled 
up by a 1 .5 kohm resistor pack RP2. The ROW lines are buff- 
ered and inverted onto the data bus by U78 (74LS240) which is 
enabled when KEYBD* is a logic low. KEYBD* is a memory 
mapped decode of addresses 3800-3BFF in Model III Mode 
and F400-F7FF in Model 4/4P mode. Refer to the Memory Map 
under Address Decode for more information. During real time 
operation, the CPU will scan the keyboard periodically to check 
if any keys are pressed. If no key is pressed, the resistor pack 
RP2 keeps the inputs of U78 at a logic high. U78 inverts the 
data to a logic low and buffers it to the data bus which is read 
by the CPU. If a key is pressed when the CPU scans the correct 
column line, the key pressed will pull the corresponding row to 
a logic low. U78 inverts the signal to a logic high which is read 
by the CPU. 



5.2.10 Real Time Clock 

The Real Time Clock circuit in the Model 4P provides a 30 Hz 
(in the 2 MHz CPU mode) or 60 Hz (in the 4 MHz CPU mode) 
interrupt to the CPU. By counting the number of interrupts that 
have occurred, the CPU can keep track of the time. The 60 Hz 
vertical sync signal (VSYNC) from the video circuitry is used for 
the Real Time Clock's reference. In the 2 MHz mode, FAST is 
a logic low which sets the Preset input, pin 4 of U23 (74LS74), 
to a logic high. This allows the 60 Hz (VSYNC) to be divided by 
2 to 30 Hz. The output of 1/2 of U23 is ORed with the original 
60 Hz and then clocks another 74LS74 (1/2 of U23). If the real 
time clock is enabled (ENRTC at a logic high), the interrupt is 
latched and pulls the INT* line low to the CPU. When the CPU 
recognizes the interrupt, the pulse is counted and the latch re- 
set by pulling RTCIN* low. In the 4 MHz mode, FAST is a logic 
high which keeps the first half of U23 in a preset state (the Q* 
output at a logic low). The 60 Hz is used to clock the interrupts. 

NOTE: If interrupts are disabled, the accuracy of the real 
time clock will suffer. 

5.2.11 Line Printer Port 

The Line Printer Port Interface consists of a pulse generator, an 
eight-bit latch, and a status line buffer. The status of the line 
printer is read by the CPU by enabling buffer U3 (74LS244). 
This buffer is enabled by LPRD* which is a memory map and 
port map decode. In Model 1 1 1 mode, only the status can be read 
from memory location 37E8 or 37E9. The status can be read in 
all modes by an input from ports F8-FB. For a listing of the bit 
status, refer to Port Map section. 

After the printer driver software determines that the printer is 
ready for printing (by reading the correct status), the characters 
to be printed are output to Port F8-FB. U2, a 74LS374 eight-bit 
latch, latches the character byte and outputs to the line printer. 
One-half of U1 (74LS123), a one-shot, is then triggered which 
generates an appropriate strobe signal to the printer which sig- 
nifies a valid character is ready. The output of the one-shot is 
buffered by 1/6th of the U51 (74LS04) to prevent noise from the 
printer cable from false-triggering the one-shot. 
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5.2.12 Graphics Port 



Addresses: 



The Graphics Port (J7) on the Model 4P is provided to attach 
the optional Graphics Board. The port provides D0-D7 (Data 
Lines), A0-A3 (Address Lines), IN*, GEN* and RESET* for the 
necessary interface signals for the Graphics Board. GEN* is 
generated by negative ORing Port selects GSELO* (8C-8FH) 
and GSELI* (80-83H) together by (1/4 of 74LS08) U4. The re- 
sulting signal is negative ANDed with IORQ* by (1/4 of 74S32) 
U24. Seven timing signals are provided to allow synchroniza- 
tion of Main Logic Board Video and Graphics Board Video. 
These timing signals are VSYNC, HSYNC, DISPEN, DCLK, H, 
I, and J. Three control signals from the Graphics Board are 
used to sync to CPU access and select different video modes. 
WAIT* controls the CPU access by causing the CPU to WAIT till 
video is in retrace area before allowing any writes or reads to 
Graphics Board RAM. ENGRAF is asserted when Graphics 
video is displayed. ENGRAF also disables inverse video mode 
on Main Logic Board Video. CL166* (Clear 74L166) is used to 
enable or disable mixing of Main Logic Board Video and Graph- 
ics Board Video. If CL1 66* is negated high, then mixing is al- 
lowed in all for video modes 80 x 24, 40 x 24, 64 x 1 6, and 32 x 
1 6. If CL1 66* is asserted low, this will clear the video shift reg- 
ister U63, which allows no video from the Main Logic Board. In 
this state 8064* is automatically asserted low to put screen in 
80 x 24 video mode. Refer to Figure 5-1 6. Graphic Board Video 
Timing for timing relationships. Refer to the Model 4/4P Graph- 
ics Board Service information for service or technical informa- 
tion on the Graphics Board. 

5.2.1 3 Sound 

The sound circuit in the Model 4P is compatible with the Sound 
Board which was optional in the Model 4. Sound is generated 
by alternately setting and clearing data bit DO during an OUT to 
port 90H. The state of DO is latched by U 129 (1/2 of a 74LS74) 
and the output is amplified by Q2 which drives a 81*1 speaker. 
The speed of the software loop determines the frequency, and 
thus, the pitch of the resulting tone. Since the Model 4P does 
not have a cassette circuit, some existing software that used 
the cassette output for sound would have been lost. The Model 
4P routes the cassette latch to the sound board through U1 09. 
When the CASSMOTORON signal is a logic low, the cassette 
motor is off, then the cassette output is sent to the sound circuit. 

5.2.14 I/O Bus Port 

The Model 4P Bus is designed to allow easy and convenient in- 
terfacing of I/O devices to the Model 4P. The I/O Bus supports 
all the signals necessary to implement a device compatible with 
the Z80s I/O structure. 



A0 to A7 allow selection of up to 256* input and 256 output 
devices if external I/O is enabled. 

*Ports 80H to 0FFH are reserved for System use. 

Data: 

DB0 to DB7 allow transfer of 8-bit data onto the processor 
data bus is external I/O is enabled. 

Control Lines: 

1. M1* — Z80A signal specifying an M1 or Operation Code 
Fetch Cycle or with IOREQ*, it specifies an Interrupt 
acknowledge. 

2. IN* — Z80A signal specifying than an input is in progress. 
Logic AND of IOREQ* and WR*. 

3. OUT* — Z80A signal specifying that an output is in prog- 
ress. Logic AND of IOREQ* and WR*. 

4. IOREQ* — Z80A signal specifying that an input or output 
is in progress or with M1*, it specifies an interrupt 
acknowledge. 

5. RESET* — system reset signal. 

6. IOBUSINT* — input to the CPU signaling an interrupt from 
an I/O Bus device if I/O Bus interrupts are enabled. 

7. IOBUSWAIT* — input to the CPU wait line allowing I/O Bus 
device to force wait states on the Z80 if external I/O is 
enabled. 

8. EXTIOSEL* — input to I/O Bus Port circuit which switches 
the I/O Bus data bus transceiver and allows and INPUT in- 
struction to read I/O Bus data. 

The address line, data line, and all control lines except RESET* 
are enabled only when the ENEXIO bit in port EC is set to one. 

To enable I/O interrupts, the ENIOBUSINT bit in the PORT E0 
(output port) must be a one. However, even if it is disabled from 
generating interrupts, the status of the IOBUSINT* line can still 
read on the appropriate bit of CPU IOPORT E0 (input port). 

See Model 4P Port Bit assignments for port OFF, 0EC, and 0E0. 
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Figure 5-33. Graphic Board Video Timing 



119 



The Model 4P CPU board is fully protected from "foreign I/O de- 
vices" in that all the I/O Bus signals are buffered and can be dis- 
abled under software control. To attach and use and I/O device 
on the I/O Bus, certain requirements (both hardware and soft- 
ware) must be met. 

For input port device use, you must enable external I/O devices 
by writing to port OECH with bit 4 on in the user software. This 
will enable the data bus address lines and control signals to the 
I/O Bus edge connector. When the input device is selected, the 
hardware should acknowledge by asserting EXTIOSEL* low. 
This switches the data bus transceiver and allows the CPU to 
read the contents of the I/O Bus data lines. See Figure 5-1 7 for 
the timing. EXTIOSEL* can be generated by NANDing IN and 
the I/O port address. 

Output port device use is the same as the input port device in 
use, in that the external I/O devices must be enabled by writing 
to port OECH with bit 4 on in the user software — in the same 
fashion. 

For either input or output devices, the IOBUSWAIT* control line 
can be used in the normal way for synchronizing slow devices 
to the CPU. Note that since dynamic memories are used in the 
Model 4P, the wait line should be used with caution. Holding the 
CPU in a wait state for 2 msec or more may cause loss of mem- 
ory contents since refresh is inhibited during this time. It is rec- 
ommended that the IOBUSWAIT* line be held active no more 
than 500 p.sec with a 25% duty cycle. 

The Model 4P will support Z80 Mode 1 interrupts. A RAM jump 
table is supported by the LEVEL II BASIC ROMs image and the 
user must supply the address of his interrupt service routine by 
writing this address to locations 403E and 403F. When an in- 
terrupt occurs, the program will be vectored to the user-sup- 
plied address if I/O Bus interrupts have been enabled. To 
enable I/O Bus interrupts, the user must set bit 3 of Port 0E0H. 

5.2.15 FDC Circuit 

The TRS-80 Model 4P Floppy Disk Interface provices a stan- 
dard 5-1/4" floppy disk controller. The Floppy Disk Interface 
supports both single and double density encoding schemes. 
Write precompensation can be software enabled or disabled 
beginning at any track, although the system software enables 
write precompensation for all tracks greater than twenty-one. 
The amount of write precompensation is 125 nsec and is not 
adjustable. One or two drives may be controlled by the inter- 
face. All data transfers are accomplished by CPU data re- 
quests. In double density operation, data transfers are 
synchronized to the CPU by forcing a wait to the CPU and clear- 
ing the wait by a data request from the FDC chip. The end of the 
data transfer is indicated by generation of a non-maskable in- 
terrupt from the interrupt request output of the FDC chip. A 
hardware watchdog timer insures that any error condition will 
not hang the wait line to the CPU for a period long enough to 
destroy RAM contents. 
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Control and Data Buffering 



*Only one of these bits should be set per output 



The Floppy Disk Controller Board is an I/O port-mapped device 
which utilizes ports E4H, F0H, F1 H, F2H, F3H, and F4H. The 
decoding logic is implemented on the CPU board. (Refer to Par- 
agraph 5.1.5 Address Decoding for more information on Port 
Map). U70 is a bi-directional, 8-bit transceiver used to buffer 
data to and from the FDC and RS-232 circuits. The direction of 
data transfer is controlled by the combination of control signals 
DISKIN*, RS232IN*, RDINT*, and RDNMI*. If any of these sig- 
nals is active (logic low), U70 is enabled to drive data onto the 
CPU data bus. If both signals are inactive (logic high), U70 is 
enabled to receive data from the CPU board data bus. A sec- 
ond buffer (U36) is used to buffer the FDC chip data to the FDC/ 
RS232 Data Bus, (BD0-BD7), U36 is enabled all the time and 
its direction controlled by DISKIN*. Again, if DISKIN* is active 
(logic low), data is enabled to drive from the FDC chip to the 
Main Data Busses. If DISKIN* is inactive (logic high), data is en- 
abled to be transferred to the FDC chip. 

Nonmaskable Interrupt Logic 

Gate Array 4.4 (U1 8) is used to latch data bits D6 and D7 on the 
rising edge of the control signal WRNMI*. This enables the con- 
ditions which will generate a non-maskable interrupt to the 
CPU. The NMI interrupt conditions which are programmed by 
doing an OUT instruction to port E4H with the appropriate bits 
set. If data bit 7 is set, an FDC interrupt is enabled to generate 
an NMI interrupt. If data bit 7 is reset, interrupt requests request 
from the FDC are disabled. If data bit 6 is set, a Motor Time Out 
is enabled to generate an NMI interrupt. If data bit 6 is reset, in- 
terrupts on Motor Time Out are disabled. An IN instruction from 
port E4H enables the CPU to determine the source of the non- 
maskable interrupt. Data bit 7 indicates the status of FDC in- 
terrupt request (INTRQ) (0 = true, 1 = false). Data bit 6 indicates 
the status of Motor Time Out (0 = true, 1 = false). Data bit 5 in- 
dicates the status of the Reset signal (0 = true, 1 = false). The 
control signal RDNMI* gates this status onto the CPU data bus 
when active (logic low). 

Drive Select Latch and Motor ON Logic 

Selecting a drive prior to disk I/O operation is accomplished by 
doing an OUT instruction to port F4H with the proper bit set. The 
following table describes the bit allocation of the Drive Select 
Latch: 



Hex D flip-flop U54 (74L1 74) latches the drive select bits, side 
select and FM*/MFM bits on the rising edge of the control signal 
DRVSEL*. Gate Array 4.4 (U1 8) is used to latch the Wait Ena- 
ble and Write precompensation enable bits on the rising edge 
of DRVSEL*. The rising edge of DRVSEL* also triggers a one- 
shot (1/2 of U54, 74LS123) which produces a Motor On to the 
disk drives. The duration of the Motor On signal is approxi- 
mately three seconds. The spindle motors are not designed for 
continuous operation. Therefore, the inactive state of the Motor 
On signal is used to clear the Drive Select Latch, which de-se- 
lects any drives which were previously selected. The Motor On 
one-shot is retriggerable by simply executing another OUT in- 
struction to the Drive Select Latch. 

Wait State Generation and WAITIMOUT Logic 

As previously mentioned, a wait state to the CPU can be initi- 
ated by an OUT to the Drive Select Latch with D6 set. Pin 1 8 of 
U18 will go high after this operation. This signal is inverted by 
1 /4th of U 1 5 and is routed to the CPU where it forces the Z80A 
into a wait state. The Z80A will remain in the wait state as long 
as WAIT* is low. Once initiated, the WAIT* will remain low until 
one of five conditions is satisfied. If INTRQ, DRQ, and RESET, 
inputs become active (logic high), it causes WAIT* to go high 
which allows the Z80 to exit the wait state. An internal timer in 
U 1 8 serves as a watchdog timer to insure that a wait condition 
will not persist long enough to destroy dynamic RAM contents. 
This internal watchdog timer logic will limit the duration of a wait 
to 1024fjisec, even if the FDC chip should fail to generate a 
DRQ or an INTRQ. 

If an OUT to Drive Select Latch is initiated with D6 reset (logic 
low), a WAIT is still generated. The internal timer in U18 will 
count to 2 which will clear the WAIT state. This allows the WAIT 
to occur only during the OUT instruction to prevent violating any 
Dynamic RAM parameters. 

NOTE: This automatic WAIT will cause a .5-1 jxsec wait each 
time an out to Drive Select Latch is performed. 



Data Bit 

DO 
D1 
D2 
D3 
D4 

D5 

D6 
D7 



Function 

Selects Drive when set* 

Selects Drive 1 when set* 

Selects Drive 2 when set* 

Selects Drive 3 when set* 

Selects Side when reset 

Selects Side 1 when set 

Write precompensation enabled when set, 

disabled when reset 

Generates WAIT if set 

Selects MFM mode if set 

Selects FM mode if reset 
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Clock Generation Logic 

A 1 6 MHz crystal oscillator and a Gate Array 4.4 (U1 8) are used 
to generate the clock signals required by the FDC board. The 6 
MHz oscillator is implemented internal to U18 and a quartz 
crystal (Y2). The output of the oscillator is divided by 2 to gen- 
erate an 8 MHz clock. This is used by the FDC 1773 for all in- 
ternal timing and data separation. U18 further divides the 16 
MHz clock to drive the watchdog timer circuit. 

Disk Bus Output Drivers 

High current open collector drivers U15 and U34 are used to 
buffer the output signals from the FDC circuit to the disk drives. 

Write Precompensation and Write Data Pulse Shap- 
ing Logic 

All Write Precompensation is generated internal to the FDC 
chip 1773 (U17). Write Precompensation is enabled when 
W6 goes high and Write Precompensation is enabled from 
software. This signal is multiplexed with RDY by W6 is fed 
into pin 20 of U17. Write Data is output pin 22 of U 17 and is 
shaped by a one-shot (1/2 of U56) which stretches the data 
pulses to approximately 500 nsec. 
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Floppy Disk Controller Chip 



BRG Programming Table 



The 1773 is an MOS LSI device which performs the functions 
of a floppy disk formatter/controller in a single chip implemen- 
tation. The following port addresses are assigned to the internal 
registers of the 1773 FDC chip: 



Port No. 


Function 


FOH 


Command/Status Register 


F1H 


Track Register 


F2H 


Sector Register 


F3H 


Data Register 



5.2.16 RS-232-C Circuit 
RS-232C Technical Description 

The RS-232C circuit for the Model 4P computer supports 
asynchronous serial transmissions and conforms to the EIA 
RS-232C standards at the input-output interface connector 
(J4). The heart of the circuit is the TR1865 Asynchronous 
Receiver/Transmitter U33. It performs the job of converting 
the parallel byte data from the CPU to a serial data stream 
including start, stop, and parity bits. For a more detailed de- 
scription of how this LSI circuit performs these functions, re- 
fer to the TR1865 data sheets and application notes. The 
transmit and receive clock rates that the TR1865 needs are 
supplied by the Baud Rate Generator U73 (BR1943). This 
circuit takes the 5.0688 MHz supplied by the system timing 
circuit and the programmed information received from the 
CPU over the data bus and divides the basic clock rate to 
provide two clocks. The rates available from the BRG go 
from 50 Baud to 19200 Baud. See the BRG table for the 
complete list. 





Transmit/ 








Receive 




Supported 


Nibble 


Baud 


16X 


by 


Loaded 


Rate 


Clock 


SETCOM 


OH 


50 


0.8 kHz 


Yes 


1H 


75 


1.2 kHz 


Yes 


2H 


110 


1.76 kHz 


Yes 


3H 


134.5 


2.1523 kHz 


Yes 


4H 


150 


2.4 kHz 


Yes 


5H 


300 


4.8 kHz 


Yes 


6H 


600 


9.6 kHz 


Yes 


7H 


1200 


19.2 kHz 


Yes 


8H 


1800 


28.8 kHz 


Yes 


9H 


2000 


32.081 kHz 


Yes 


AH 


2400 


38.4 kHz 


Yes 


BH 


3600 


57.6 kHz 


Yes 


CH 


4800 


76.8 kHz 
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The RS-232C circuit is port mapped and the ports used are E8 
to EB. Following is a description of each port on both input and 
output. 



Port 


Input 


Output 


E8 


Modem status 


Master Reset, enables UART 
control register load 


EA 


UART status 


UART control register load and 
modem control 


E9 


Not Used 


Baud rate register load enable 

bit 

Transmitter Holding 


EB 


Receiver Holding 




register 


register 



Interrupts are supported in the RS-232C circuit by the Interrupt 
mask register and the Status register internal to GA 4.5 (U31) 
which allow the CPU to see which kind of interrupt has oc- 
curred. Interrupts can be generated on receiver data register 
full, transmitter register empty, and any one of the errors — par- 
ity, framing, or data overrun. This allows a minimum of CPU 
overhead in transferring data to orf rom the UART. The interrupt 
mask register is port E0 (write) and the interrupt status register 
is port E0 (read). Refer to the IO Port description for a full break- 
down of all interrupts and their bit positions. 
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All Model I, 111, and 4 software written for the RS-232-C interface 
is compatible with the Model 4P RS-232-C circuit, provided the 
software does not use the sense switches to configure the in- 
terface. The programmer can get around this problem by di- 
rectly programming the BRG and UART for the desired 
configuration or by using the SETCOM command of the disk 
operating system to configure the interface. The TRS-80 RS- 
232C Interface hardware manual has a good discussion of the 
RS-232C standard and specific programming examples (Cat- 
alog Number 26-1 1 45). 

Pinout Listing 

The following list is a pinout description of the DB-25 connector 
(P1). 

Pin No. Signal 

1 PGN D (Protective Ground) 

2 TD (Transmit Data) 

3 RD (Receive Data) 

4 RTS (Request to Send) 

5 CTS (Clear To Send) 

6 DSR (Data Set Ready) 

7 SGND (Signal Ground) 

8 CD (Carrier Detect) 

1 9 SRTS (Spare Request to Send) 

20 DTR (Data Terminal Ready) 
22 Rl (Ring Indicate) 
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5.2.17 CPU Board Troubleshooting Guide 

This section is a general guide for service personnel to check 
out and troubleshoot the Model 4P Main Logic CPU Board. Pro- 
cedures in section 4 Troubleshooting should be followed before 
proceeding to following steps. This guide will provide step by 
step procedures to help isolate the faulty area on the CPU 
board. Knowledge of each area of the CPU board is necessary 
to determine exact component failure. Refer of CPU Board 
Schematics and Theory of Operation during troubleshooting for 
specific check points and testing. 



13. Check all handshaking signals to FDC chip from CPU. 
If okay, goto 14; if bad, repair as necessary. 

14. Check Data Bus and control lines. 

If okay, then problem still exists in Floppy Disk Circuit or 
Floppy Disk Drive. Refer to each section accordingly. If 
bad, replace as necessary. 

15. If unit boots okay, then boot Model 4P Diagnostics Diskette 
and execute each diagnostic to isolate any minor problems 
on CPU Board. 



1 . No video messages are displayed and correct data does 
not appear at video output connector J9. 

If above condition exists, go to 2; if video okay, but Model 
4P does not boot properly, go to 1 0. 
If video and boot-up is okay, go to 15. 

2. Check for video timing signal DCLK from Gate Array 4.1 
(U148) in 64x16 and 80x24. 

If okay, go to 3; if one or both modes bad, go to 7. 

3. Checkforpropertiming signals outputfrom U148 (SHIFT*, 
XADR7*, CRTCLK, POT*, LOAD*, LOADS*). 

If okay, then go to 4; if one or more bad, replace U148 or 
U128. 

4. Check if 68046 U42 is working properly and has correct in- 
put signals. 

If all okay, then go to 5. If bad, replace U42 or check for in- 
put signals where they originate. 

5. Check for timing and proper signals U1 02. 

If bad, replace as necessary; if okay, go to 6. 

6. Check output of pin 4 of U 1 42 and repair as necessary. 

7. Check for 20M clock at pin 2 of U 148. 

If okay, go to 8; if bad, replace Y1 or U148. 

8. Check for outputs of U 1 48 (PCLK, RS232CLK). 
If okay, then goto 9; if any bad, replace U148. 

9. Check for 1 2M at output of U1 46 pin 8. 

If okay, then video should work; if bad, replace 146. 

1 0. Run Memory Test in Boot ROM by holding down period (.) 
and toggling Reset. 

If memory checks okay, then go to 1 1 ; if not, check mem- 
ory circuit and/or replace RAM chips. 

1 1 . Check Clock circuit of Floppy Disk Controller. 

If 1 6MHz and 8 MHz okay, go to 1 2 ; if bad, repair or replace 
necessary components. 

12. Check for all incoming signals to the FDC chip U17. 
If any bad, repair as necessary; if okay, go to 1 3. 
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Parts List 

Model 4P Gate Array PC Board 



Sym 




Description 










Part Number 


Cl-6 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C9-18 


Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C22-24 


Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C27-31 


Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C33 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C34 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C36 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C41 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C42 




Capacitor 


.1 


mtd 


50V 


Mono 


Axial 


8374104 


C45 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C50 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C55-57 


Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C61 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C67 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C69 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C70 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C72 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C73 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C77 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C78 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C81-89 


Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C91 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C92 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C94-96 


Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C98 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C101- 


-106 


Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C108- 


-111 


Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C114- 


-118 


Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C121 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C124 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C125 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C129 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C133- 


-140 


Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C142 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C143 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C146 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C148 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C153- 


-160 


Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C201- 


-211 


Capacitor 


22 


mfd 


16V 


Elec 


. Rad 


8326221 


C212 




Capacitor 


1000 pfd 50V C. 


Disk Rad 


8302104 


C213 




Capacitor 


.022 mfd 50V C. 


Disk 


8303224 


C214 




Capacitor 


.022 mfd 50V C. 


Disk 


8303224 


C215 




Capacitor 


10 


mfd 


16V 


Elec 


. Rad 


8326101 


C216 




Capacitor 


33 


pfd 


50V 


C. Disk Npo Ax 


8300334 


C217, 




Capacitor 


22 


pfd 


50V 


C. Disk NPO Ax 


8300224 


C218 




Capacitor 


.1 


mfd 


50V 


Mono 


Axial 


8374104 


C219 




Capacitor 


200 pfd 50V C. Disk Z5U 


8301223 






Rad 














C220 




Capacitor 


22 


pfd 


50V 


C. Disk NPO Ax 


8300224 
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Parts List 

Model 4P Gate Array PC Board 



Sym 


Description 




Part Number 


C221 


Capacitor 22 pfd 50V C. Disk NPO Ax 


8300224 


C222 


Capacitor 100 pfd 50V C. 1 


Disk Ax 


8301104 


C223 


Capacitor 100 pfd 50V C. 1 


Disk Ax 


8301104 


C224 


Capacitor .1 mfd 50V Mono 


Axial 


8374104 


C226 


Capacitor 100 pfd 50V C. 1 


Disk Ax 


8301104 


C227 


Capacitor 100 pfd 50V C. 1 


Disk Ax 


8301104 


C228 


Capacitor .1 mfd 50V Mono 


Axial 


8374104 


CR1 


Diode 1N4148 




8150148 


El-8, 14-16 


Staking Pins 




8529014 


FBl-4 


Ferrite Bead 




8419014 


J4 


Connector, 25-Pin (RS232) 


DB25 


8519109 


J5 


Connector, 34-Pin (Floppy 


Disk) 


8519120 




Header 








J6 


Connector, Dual 8 (Keyboard) 


8519184 




Header 


Rt. Angle 






J7 


Connector, 34-Pin (Graphics) Header 


8519120 


J8 


Connector, 3-Pin (Reset) 1 


Header 


8519215 


J9 


Connector 


•, 6-Pin (Video) I 


Header 


8519211 


J10 


Connector 


•, 4-Pin (Power) ] 


Header 


8519210 


Ql 


Transistor 2N3906 




8100906 


Rl 


Resistor 


20 kohm 1/4W 5% 




8207320 


R2 


Resistor 


160 kohm 1/4W 5% 




8207416 


R3-5 


Resistor 


4.7 kohm 1/4W 5% 




8207247 


R6 


Resistor 


4.7 Meg ohm 1/4W 


5% 


8207457 


R8 


Resistor 


4.7 kohm 1/4W 5% 




8207247 


R9 


Resistor 


22 ohm 1/4W 5% 




8207022 


RIO 


Resistor 


47 ohm 1/4W 5% 




8207047 


Rll 


Resistor 


56 ohm 1/4W 5% 




8207056 


R12 


Resistor 


4.7 kohm 1/4W 5% 




8207247 


R13 


Resistor 


27 ohm 1/4W 5% 




8207027 


R14 


Resistor 


47 ohm 1/4W 5% 




8207047 


R15-17 


Resistor 


150 ohm 1/4W 5% 




8207115 


R18 


Resistor 


3.6 kohm 1/4W 5% 




8207236 


R19 


Resistor 


22 ohm 1/2W 5% 




8217022 


R20 


Resistor 


4.7 kohm 1/4W 5% 




8207247 


R21-23 


Resistor 


27 ohm 1/4W 5% 




8207027 


R24 


Resistor 


2.2 kohm 1/4W 5% 




8207222 


R25 


Resistor 


100 kohm 1/4W 5% 




8207410 


R26 


Resistor 


750 ohm 1/4W 5% 




8207175 


R27 


Resistor 


4.7 kohm 1/4W 5% 




8207247 


R28 


Resistor 


10 kohm 1/4W 5% 




8207310 


R29 


Resistor 


10 kohm 1/4W 5% 




8207310 


R30 


Resistor 


150 ohm 1/4W 5% 




8207115 
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Parts List 

Model 4P Gate Array PC Board 

Sym Description 



Part Number 



RPl 
RP2 
RP4 

SI 



Ul 


IC 


U2 


IC 


U3 


IC 


U4 


IC 


U5 


IC 


U6 


IC 


U9 


IC 


U10 


IC 


Ull 


IC 


U12 


IC 


U13 


IC 


U14 


IC 


U15 


IC 


U16 


IC 


U17 


IC 


U18 


IC 


U22 


IC 


U23 


IC 


U24 


IC 


U27 


IC 


U28-30 


IC 


U31 


IC 


U33 


IC 


U34 


IC 


U36 


IC 


U41 


IC 


U42 


IC 


U45 


IC 


U50 


IC 


U55 


IC 


U56 


IC 


U57 


IC 


U61 


IC 


U67 


IC 


U69 


IC 


U70* 


IC 


U72 


IC 


U73 


IC 


U77 


IC 


U78 


IC 



Resistor Pak 27 ohm DIP 16-Pin 
Resistor Pak 1.5 kohm SIP 10-Pin 
Resistor Pak 150 ohm SIP 10-Pin 

Speaker 8 ohm 



74LS123 Multivibrator 
74LS374 Flip Flop 
74LS244 Octal Buffer 
74LS08 Quad 2-In AND 
74LS04 Hex Inverter 
74LS245 Tranceiver 
74LS244 Octal Buffer 
74LS367 Hex Driver 
1489 Receiver 
Driver 
Receiver 
Hex Inverter 
Hex Inverter 
Hex Driver 



1488 

1489 

7416 

7416 

74LS367 

WD1773 

4 . 4 Floppy Support Array 
74LS02 2-In NOR 

74LS74 Flip Flop 
74LS32 Quad 2-In OR 
74LS244 Octal Buffer 
74LS138 Quad 2-In NAND 

4.5 RS232C Support Array 
TR1865 UART 

74LS174 Hex Flip-Flop 
74LS245 Tranceiver 
74LS157 Multiplexer 
6 8A0 45 CRTC 
Z80A CPU 

74LS21 Dual 4-In AND 
74LS08 Quad 2-In AND 
74LS123 Multivibrator 
7416 Hex Inverter 
74LS157 Multiplexer 
74LS244 Octal Buffer 
68A332 4K X 8 300NS ROM 
74LS245 Tranceiver 
74LS244 Octal Buffer 
BR1943 Clock Gen. 
7416 Hex Inverter 
74LS240 Octal Buffer 



* NOTE: Starred (*) IC to be socketed 



8290027 
8290015 
8290013 

8490008 

8020123 
8020374 
8020244 
8020008 
8020004 
8020245 
8020244 
8020367 
8050189 
8050188 
8050189 
8000016 
8000016 
8020367 
8040773 
8040544 
8020002 
8020074 
8020032 
8020244 
8020138 
8040545 
8040865 
8020174 
8020245 
8020157 
8040045 
8047880 
8020021 
8020008 
8020123 
8000016 
8020157 
8020244 
8075332 
8020245 
8020244 
8040943 
8000016 
8020240 
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Parts List 

Model 4P Gate Array PC Board 

Sym Description 



Part Number 



U81 

U82 

U83 

U84 

U85 

U86* 

U87 

U88 

U89 

U91 

U92 

U94 

U95 

U96 

U98 

U101 

U102 

U103 

U104 

U105 

U106 

U108 

U109 

U110 

Ulll 

U114 

U115 

U116 

U117 

U118 

U121 

U124 

U125 

U129 

U133-140 

U142 

U146 

U148 



74LS157 Multiplexer 8020157 

4016 2K X 8 RAM Static 200NS 8040116 

74LS373 Octal Latch 8020373 

74LS244 Octal Buffer 8020244 

74LS273 Octal Flip-Flop 8020273 

74LS245 Tranceiver 8020245 

74F04 Hex Inverter 8015004 

74LS11 Triple 3-In AND 8020011 

74LS27 Triple 3-In NOR 8020027 

74LS04 Hex Inverter 8020004 

74LS00 Quad 2-In NAND 8020000 

Delay Line 8429020 

IC 74LS04 Hex Inverter 8020004 

74LS32 Quad 2-In OR 8020032 

74LS74 Flip Flop 8020074 

74LS283 Binary Adder 8020283 

4.3 Video Support Array 8040543 

MCM68A316E Character ROM 8049007 

74LS04 Hex Inverter 8020004 

74LS32 Quad 2-In OR 8020032 

4.2 Address Decode Array 8040542 

74LS51 AND-OR Invert 8020051 

74LS02 2-In NOR 8020002 

74LS157 Multiplexer 8020157 

74LS157 Multiplexer 8020157 

74S64 AND-OR-Invert 8010064 

74S32 Quad 2-In OR 8010032 

74S112 J-K Flip Flop 8010112 

74F08 Quad 2-In AND 8015008 

74LS245 Tranceiver 8020245 

74LS14 Hex Inverter 8020014 

74LS174 Hex Flip-Flop 8020174 

74LS244 Octal Buffer 8020244 

74LS74 Flip Flop 8020074 

MCM6665 64K DRAM 200NS 8040665 

74LS02 2-In NOR 8020002 

PLL Multimodule 8409036 

4.1 System Timing Array 8040541 



IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 



IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 
IC 



* NOTE: Starred (*) IC to be socketed 
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Parts List 

Model 4P Gate Array PC Board 

Sym Description 



Part Number 



U17 


Socket 


28-Pin 


DIP 


U18, 


Socket 


24-Pin 


DIP 


U31 


Socket 


40-Pin 


DIP 


U33 


Socket 


40-Pin 


DIP 


U42 


Socket 


40-Pin 


DIP 


U45 


Socket 


40-Pin 


DIP 


U69, 


Socket 


24-Pin 


DIP 


U70 


Socket 


20-Pin 


DIP 


U73 


Socket 


18-Pin 


DIP 


U82, 


Socket 


24-Pin 


DIP 


U86 


Socket 


20-Pin 


DIP 


U102 


Socket 


40-Pin 


DIP 


U103 


Socket 


24-Pin 


DIP 


U106 


Socket 


40-Pin 


DIP 


U133-140, 


Socket 


16-Pin 


DIP 


U148 


Socket 


24-Pin 


DIP 


U153-160, 


Socket 


16-Pin 


DIP 


Yl 


Crystal 20.2752 M 


Y2 


Crystal 16 MH: 


z Pa 



8509007 
8509001 
8509002 
8509002 
8509002 
8509002 
8509001 
8509009 
8509006 
8509001 
8509009 
8509002 
8509001 
8509002 
8509003 
8509001 
8509003 

8409031 
8409038 



Low Cost Model 4P PC Board Sub 

Assy. 
Low Cost Model 4P Board Rev. "-" 



8858011 
8709524 
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5.3 MINI-DISK DRIVES 

The Model 4P utilizes two 5-1/4" Flexible Disk Drive assem- 
blies. These drives are internally mounted with Drive at the 
left and Drive 1 at the right when facing the CRT display. They 
are compact, low profile drives that require only half the space 
normally required. The drives use an ANSI-compatible, Indus- 
try Standard, 5-1 /4 inch diskette and contain 48 tracks per inch. 

Two different types of drives are used in the Model 4P. One is 
a double-sided recording device. Both are capable of reading 
and writing in single-density format on a diskette. The drives 
have double density capability when a Modified Frequency 
Modulated (MFM) or other appropriate recording technique is 
used. Encoding and decoding of the data is done by the user's 
controller. 

Service information and schematics for the Mini-Disk Drive are 
contained in the Manufacturer's Operating and Service Manual 
at the rear of this manual. 



5.4 POWER SUPPLY ASSEMBLY 
5.4.1 Power Supply 

Basic Principle 

A switching power supply circuit employs a high-speed semi- 
conductor switch to control the storage and release of electrical 
energy in an inductor and provide regulated DC output voltages 
with a minimum loss of energy in heat-dissipating elements. 
There are several schemes for achieving this result which differ 
primarily in the arrangement of the basic circuit elements. 
These elements include a switch, an inductor, a rectifier, a ca- 
pacitor and a DC voltage source. 

An arrangement well-suited for economical power supplies with 
rated power outputs under 100 watts is the FLYBACK CON- 
VERTER shown in Figure 5-35. The waveforms in Figure 5-36 
are used to describe the operation of the Flyback Converter cir- 
cuit. For the purpose of this discussion we will assume that the 
duration of the "ON" time equals the duration of the "OFF" time 
and Vo = rated output voltage. 
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Figure 5-35. Basic Flyback Converter 
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ON 



OFF 



a . Switch 
Timing 



|< t2 >K — tl 



4xlav 



b. Isw 



2xVin,pk-- j 



Vin,pk-|- — 
Vin,av 



c. Vsw 



2xVin,pk._ 
n 



Vo = Vin, av _. 
n 
d. Vsec 



e. Isec 




4xIo-- 



■^ time,microsec . 



time f microsec. 



time f microsec. 



^ time f microsec . 



time,microsec. 



Figure 5-36. 



When the switch is closed (ON) at time ta, Vin is impressed 
across the primary winding of inductor L and the current Isw in- 
creases linearly from zero until the switch opens (OFF) at time 
tb. Note that Isec is zero while the switch is closed. This is be- 
cause Vsec is negative with respect to Vo thus reverse-biasing 
diode D. Note that Vsw is also zero while the switch is closed. 



During the interval when the switch is open (tb to tc), the sec- 
ondary voltage, Vsec, is a replica of the primary voltage Vsw. 
Diode D is now forward biased due to the polarity of the inductor 
windings and because the turns ratio, n, is such that: 

Vsec x n > Vo 



When the switch opens at time tb, the magnetic field of L in- 
stantly collapses and reverses polarity. At this moment, Vsw is 
equal to Vin plus the voltage across L just before the switch 
opened (also equal to Vin). Therefore, at the instant the mag- 
netic field reverses polarity, Vsw = 2Vin. 



This biasing replenishes the charge in capacitor C that was de- 
livered to the load R during the ta-tb interval. This is the "fly- 
back" interval and is so named because the inductor releases 
the energy stored in its magnetic field while the switch is OFF. 



144 



Several other facts are illustrated by the waveforms of Figure 5- 
36. First, the voltage across the switch Vsw decays exponen- 
tially from 2Vin to Vin during the "OFF" interval. This is because 
the inductor and the switch timing are adjusted to transfer all of 
the energy that was stored in the inductor while the switch was 
ON, into the secondary while the switch is OFF. (Observe that 
Isec DECREASES linearly with time to zero at the end of the 
"OFF" time period.) This is known as resetting the core. Thus, 
at time tc when the switch is ready to turn on again, the DC input 
voltage Vin is again available to charge the inductor. Also at this 
time, all currents in the inductor are zero. 



Fourth, notice the ringing or oscillation that appears on the peak 
portion of Vsw and Vsec. This oscillation occurs at the resonant 
frequency of the leakage inductance of the inductor L and the 
parasitic capacitance of the circuit. The parasitic capacitance 
includes the interwinding capacitance of the inductor and stray 
capacitance of the switch. If this oscillatiion is not damped by a 
suitable means, the peak voltages may easily exceed the 
breakdown rating of the switch or the insulation in the inductor. 



Block Diagram 



Second, since we have assumed that Isw increases linearly 
with time and that the ON and OFF time periods are equal (50% 
duty cycle), the average current in the primary, Isw (av), is 1/4 
the peak current Isw. Also, the average current in the second- 
ary, which is equal to the load current lo, is 1 1 A the peak current 
in the secondary. 



The basic circuit illustrated in Figure 5-35 can be divided into 
three functional blocks: Input DC supply, primary, and second- 
ary. To make use of this model, we need to expand it to provide 
control for the switch timing and to include sufficient circuitry to 
satisfy performance and reliability specifications. The complete 
block diagram is shown in Figure 5-37. 



Third, the turns ratio is set by the ratio of the average primary 
voltage (Vsw) over a full cycle at its lowest value to the maxi- 
mum permissible output voltage, Vo. The lowest Vsw value oc- 
curs at low AC line and maximum output load. In practice, the 
actual turns ratio, the ratio of peak-to-average voltages and 
currents, and the duty cycle may be adjusted to compensate for 
circuit losses. 



1 














fuse & 

surge 

limiting 




EMI 
filter 




input DC 
supply 










I 



3 



auxiliary 
power supply (+12V) 



soft start latch 



Control IC 
duty cycle control 
oscillator 
current limit 
output driver 
reference with 
soft start 



h 



Semiconductor 
Switch 



base 
drive 



current 
sense 



E 



+ 12V 
secondary 



output 
filters 



overvoltage 
crowbar 



+ 5V 
secondary 



«-» 



E 



-12V 
secondary 



output 
filter 



output 
filter 



feedback 
isolation 



load sense 
+5V adj. 
feedback 
signal 
compensation 



+ 12V 
disk 

, +12V 
CRT 



-O +5V 



Figure 5-37. Power Supply Block Diagram 



145 



The other blocks provide additional output voltages, add safety 
or protective features, reduce circuit noise, and develop signals 
for use by the control section. The control section continuously 
operates the bipolar transistor switch and varies the proportion 
of ON time to OFF time in response to changes in AC input line 
voltage or output load current. This is accomplished by feeding 
back a signal from the output terminals and instructs the control 
section to increase or decrease the ON time to compensate for 
a change in the output voltage. 

The DC voltage supply to the control section is controlled by the 
latch circuit when AC power is first applied to the power supply. 
A built-in timing circuit allows the input DC supply filter capaci- 
tor to become fully charged before power is applied to the con- 
trol section. After the control section circuit starts and 
secondary voltages reach their regulated output levels, the 
auxiliary power supply provides the required DC voltage to op- 
erate the control section. The latch is reset when the current 
limit or under-voltage sensors operate, thus removing DC volt- 
age to the Control IC. 



The output filters reduce the remaining ripple voltage compo- 
nents of the AC line and switching frequencies to levels low 
enough to prevent interference with the circuits operated by the 
supply. Switching frequency components that could be con- 
ducted out the AC input terminals are suppressed by the EMI 
filter to avoid interference with other equipment connected to 
the power line. 

The overvoltage crowbar senses an abnormal rise in the + 5.1 
volt output and short-circuits the voltage line to the common 
secondary ground, thus tripping the current limiting circuit 
which finally shuts down the supply. 

The surge limiter at the AC line input prevents the input filter ca- 
pacitor in-rush current surge from exceeding component rat- 
ings or unnecessarily tripping external fuses. 



There are four secondary or output voltages in addition to the 
auxiliary supply: + 5.05 volt, + 1 2 volt CRT, + 12 volt Disk, and 
- 1 2 volt. The + 5.05 and + 1 2 DISK voltages are regulated by 
the control circuit response to the frequency compensated 
feedback control signal which comes from the load sense sec- 
tion. Since the load sensing occurs on the secondary side, an 
optical coupler circuit is necessary to provide safety isolation 
between the primary side common ground and the secondary 
side common ground. 

All secondary voltages, including the auxiliary +12 voltage, 
share the same magnetic flux linkage in the transformer core 
and are controlled by the flyback inductor. Any change in sec- 
ondary load currents cause a change in the shared magnetic 
flux. This change in the flux of the inductor sets up an EMF 
(electromotive force) which causes a flux in opposition to the 
one which resulted from the change in load current. Thus, the 
original change tends to be counteracted and the current deliv- 
ered to the load remains constant. 



146 



5.4.2 Technical Specifications 

Environment: 

Temperature; Operating Storage 
Humidity; Operating Storage 



to 50 C (32 to 122 F) 
-40to85C(-40to185F) 
85% r.h. @ 35 C (95 F) max. 
95%r.h. @55C(131 F) max. 



Input Voltage: 

90 to 135 VAC rms, 47 to 63 Hz 

Input Surge Current: 
48 amps max. 

Efficiency: 

70% min. at full load with 1 1 5 VAC rms input 

Output Voltages: 
V1, + 5.05 VDC 
V2, + 12 VDC CRT 
V3, +12VDCDISK 
V4, -12VDC 

Output Power: 

continuous 65 watts max. 



Output Current: 




Load 






Output 


Min. 


Max 




V1 


1.35 A 


4.0 A 


Condition 1 


V2 


0.60 A 


1.5A 


(Model III use) 


V3 


0.40 A 


2.1 A 




V4 


0.005 A 


0.10A 


Condition 2 


V1 


2.5 A 


5.0 A 


(Hard Disk use) 


V3 


0.75 A 


2.0 A* 




V4 


0.005 A 


0.10A 



*NOTE: V2 and V3 connect in parallel to provide the V3 
output. The V3 output will support a 5.0 A peak 
load which decays to 1 .0 A in approx. 8 seconds. 
V1 and V3 must be within specified regulation 
when this surge decays to 4.0 A. 

Output Ripple Voltage: 

V1 (5.05 VDC) 50mV p-p 
V2 ( + 12 VDC) 150mVp-p 
V3 ( + 12 VDC) 1 50m V p-p 
V4 (-12 VDC) 150mVp-p 

NOTE: Ripple is the composite 100/120 Hz ripple due to 
the line, plus the high frequency ripple due to the 
power oscillator. Common mode noise which may 
be observed due to oscilloscope connections 
should be ignored. 



Output Voltage Regulation: 

After initially setting V1 , output voltage tolerances under all 
conditions of rated line, load, and temperature should re- 
main within the following limits: 
V1 ( + 5.05 VDC) +/- 3% 
V2 ( + 12 VDC) see*NOTE 
V3 ( + 12 VDC) +/- 5% 
V4 (-12 VDC) +25%, -8.3% 

*NOTE: a) The initial value of V2 must not change by 
more than +/- 100mV under the following 
load conditions of V3: 

— A step increase in output current from 0.4 
A (initial condition) to 2.4 A, decaying 
within 60 msec to 2.1 A. 

— A step decrease in output current from 2.1 
A (initial condition) to 0.4 A. 

b) V2 output voltagemay vary +/- 5% under all 
other conditions of rated line, load, and tem- 
perature as defined in the specification. 

Over-Current Protection: 

Power supply will shut down before total power exceeds 
the point where damage would result. No damage will re- 
sult when any output is short circuited continuously with 
lOOmilliohmsor less. 

Over- Voltage Protection: 

The + 5.05 VDC circuit is protected with a "crowbar" circuit 
with a trip range of 5.8 to 6.8 VDC. 

Hold-Up Time at Continuous Max Load: 

Nominal Line 16 mSec minimum 

Low Line 1 mSec minimum 
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5.4.3 Theory of Operation 

The basic operating principles of a flyback converter and the 
necessary functional blocks to form a complete power supply 
were reviewed in the System Description section. In this part, 
the operation of each section of the circuit will be analyzed and 
later these sections will be connected to illustrate the signal 
flow in the power supply. 

AC Input 

A conventional bridge rectifier and a filter capacitor are con- 
nected directly across the AC line to provide the DC input volt- 
age to the power supply. 



90 to 135 VAC 
50/60 Hz 




E O- 



rh 



C28 



-* f © + 



160 VDC 



ZI C29 =. SR39 



-* O 



Figure 5-38. Input AC Supply 
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An EMI filter consisting of capacitors C30-C33 and choke T2 
are inserted at the input to the rectifier. This filter circuit keeps 
the high frequency signals generated in the power supply from 
being conducted into the AC power line. C30 and C31 provide 
a low impedance to the earth ground terminal for signals com- 
mon to both hot and neutral sides of the AC line. C32 provides 
a low impedance dissipative path for the RF signal energy 
which appears across the line. T2 blocks RF signals common 
to both sides of the line and reflects them back toward the lower 
impedance elements near the rectifier. T2 also helps block dif- 
ferential (across-the-line) signals by using the EMF set up by 
the signal current on one side of the line to oppose the signal 
current flowing in the other side. C33 serves as a transient by- 
pass capacitor to protect the power supply from large transient 
voltages that appear on the AC power line. C33 also improves 
the efficiency of the RFI filter choke T2 by terminating the line 
in a low impedance to absorb and dissipate any remaining dif- 
ferential RF energy. 

R38 is a negative-temperature-coefficient-thermistor which lim- 
its the turn-on surge current of the power supply filter capacitor 
C29. The resistance of this thermistor when "cold" is approxi- 
mately 1 ohms. As the filter capacitor charges toward the peak 
value of the AC input voltage, it draws less current from the line. 
Atthe same time, the heating effect of the current flowing in the 
thermistor causes its resistance to decrease until it reaches its 
rated "hot" resistance of less than 1 ohm. As you can see, the 
thermistor dissipates very little power when the power supply is 
in operation. The thermistor is designed to cool rapidly enough, 
during power loss or turn-off, to limit the turn-on surge after only 
a few seconds cool-down. 



The fuse, a fast acting 3.0 amp unit, is selected to ignore the 
short term turn-on surges, but open quickly in the event of an 
abnormally high current that would result from a component 
failure in the DC input supply or current limiting circuits. 

Auxiliary Power Supply 

The auxiliary power supply is operational when the main supply 
is on and not in a shut-down condition. This power supply con- 
sists of winding 2-3 on T1 , half-wave rectifier CR4, and filter ca- 
pacitor C14. The voltage output is approximately +15 volts 
under normal conditions but momentarily reaches about +31 
volts during start-up. 

Kick Start Latch 

Start up of the circuit is initiated by the kick start latch. This latch 
is shown in simplified form in Figure 5-39 (a) along with the ac- 
companying waveforms in Figure 5-39 (b). When power is ap- 
plied, C1 4 charges toward Vin = +1 60 volts through R26 with 
a time constant of approximately RC or 37.5 seconds. How- 
ever, as we'll see, the kick start latch turns on in 2 or 3 seconds, 
the time required for the voltage across C14 to reach 30 + 
Vbe4 = 30.7 volts. At this point Q4 turns on and develops a 
bias across R21 which turns on Q5. 

Referring to Figure 5-39b, as C1 4 dumps its charge into C1 be- 
ginning at time t2, the voltage across C 1 4 starts to decrease to- 
ward a level that will be determined by the load composed of U1 
and the base drive circuit. Notice that the voltage across C1 
momentarily approaches the full 31 volts at time t3 before it 
drops down under load to about + 1 5 volts at time t4. 



(a) Latch Circuit 



(b) Waveforms 



Vc5 J 




To 01, Q2 




tl t2t3 t4 



tl : Power applied 

t2: Latch turns ON 

t3: Cl peak charge 

t4: Cl voltage at loaded value 

Vin = 160 volts 



Figure 5-39. Kick-Start Latch 
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With C1 charging rapidly through the low resistance of a satu- 
rated Q4 via Vbe5, the reference supply inside U1 develops its 
5.0 volt output when the voltage across C1 exceeds about 8 
volts. At this point, the supply has not quite yet started, but U1 
has a DC supply at pin 1 0. All that remains is to start up the 
pulse generator so that the supply operates and replenishes 
the charge in C14 on each cycle, thus maintaining a DC source 
for U1 of about + 1 5 volts. Completion of the start-up sequence 
occurs when the soft start circuit, described in the next section, 
has started the pulse generator. 



A concept known as duty cycle was introduced in earlier para- 
graphs. Duty cycle is defined as the ratio of the "ON" time of the 
sawtooth cycle to the total length of the sawtooth period. Since 
the sawtooth has a linear ramp characteristic, the duty cycle is 
also equal to: 



duty cycle d = 



Vosc, pk - Vreg 



Vosc, pk 



ton 



T period 



Control Section 

The control section consists of the control IC, the primary half 
of the feedback optocoupler U2, and the base drive circuit for 
the switching transistor. The control circuit IC has three major 
parts: an internal regulator, a pulse generator, and an error am- 
plifier section. 

The internal reference is a regulated +5.0 DC voltage. This 
voltage provides the reference voltages for the comparators 
used in the pulse generator as well as the DC supply voltage for 
the feedback optical coupler and the internal circuits of U1 ex- 
cept for its output transistors. 

The pulse generator section of the control IC has four major 
parts: (a) sawtooth oscillator; (b) wave-shaping and output cir- 
cuit; (c) regulating comparator; (d) dead-time comparator. Fig- 
ure 5-40 illustrates the sawtooth oscillator and output circuit 
waveforms and the approximate levels of the DC control volt- 
ages applied by the comparators to the wave-shaping logic. 
The oscillator frequency is set by the values of R3 and C7 
shown in Figure 5-41. 

The amplitude of the sawtooth is set at 3.0 volts (approximately 
60% of the 5.0 volt reference voltage). Whenever the sawtooth 
voltage, Vosc, exceeds both of the DC control voltages, Vreg 
and Vdt, the output circuit will be in the ON condition. 

The DC control voltage, Vreg, set at a quiescent value by R6 
and R9, varies in response to changes in the supply's DC out- 
put voltages as sensed by U3 and coupled through U2. Notice 
that these voltages will vary because of changes in output load- 
ing, AC input voltage, and also because of the residual 120 Hz 
ripple component from the main DC supply. 



There are three possible conditions of the duty cycle: 

d = which occurs when either control voltage 

Vreg or Vdt exceeds the peak value of the 
sawtooth waveform Vosc. 

d = 50% which occurs when Vreg is less than Vdt. 
This happens when the loading on the output 
of the supply is heaviest and the AC input 
voltage is at its lowest permitted level (see 
specifications) 

< d <50% which occurs during normal operation. 

The dead-time control voltage is used in one other important 
way. Notice the 4.7 ufd capacitor, C2, connected across R4 in 
Figure 5-41 . When power is first applied to the supply, the volt- 
age across the capacitor is zero. Therefore, Vdt = Vref = 5.0 
volts and no pulses appear at the output because Vdt is greater 
than Voscpk. As C2 charges, Vdt decreases toward 1/2 
(Voscpk) in a time determined by R5 and C2ast = 5x1 5k ohm 
X 4.7 ufd = 1 /3 second. As Vdt decreases past Vosc.pk, very 
narrow pulses begin appearing at pin 8 of U1. The pulses be- 
come successively wider until Vdt is less than Vreg. C2 contin- 
ues charging until Vdt reaches the final correct value of about 
1 .5 volts. This action provides the soft start feature of the power 
supply and allows sufficient time for the DC input supply and 
latch to reach normal operating conditions before the supply is 
started. In effect, the load is connected to the supply gradually 
by the soft start circuit. 



The dead-time control voltage, Vdt, is set at a constant value by 
R4 and R5 and ensures that the pulse generator "OFF" time 
will be at least 50% of the sawtooth period. This allows ade- 
quate time for the complete transfer of stored energy from the 
primary to the secondary of transformer T1 as discussed in the 
section on basic principles. 
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Vosc, volts (Ul, pin 5) 



Vout, volts (Ul, pin 8) 



_|_ Vosc,pk 

2.5V = Vreg 

1.5V = Vdt 




Figure 5-40. Oscillator, Pulse Generator Waveforms 
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Figure 5-41. Control Section 
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Frequency stability of the sawtooth oscillator is provided by the 
2% tolerance and polyester construction of the timing capaci- 
tor, C7, and the 100 parts-per-million temperature stability and 
1% tolerance of R3. Voltage stability of the DC control voltages 
is provided by the + /- 2 1/2 percent stability of the 5.0 volt 
reference. 

The control section consists of two error amplifiers in U1, the 
primary half of U2, and associated circuitry shown in Figure 5- 
41 . One of the error amplifiers serves as a regulator or pulse- 
width modulator which derives the DC control voltage, Vreg, 
from the signal voltage developed across R7 by the current in 
U2. This current is a replica of the current developed by U3 in 
response to the condition of the output voltage at the +5.1v 
and + 1 2v outputs. This amplifier has a. gain of about 1 deter- 
mined by: 



R8 



22k ohm 



A = 



= 10 



R9 R6 2.35k ohm 



The other error amplifier in U1 serves as a shut-down compar- 
ator. The positive terminal, pin 14, is set at the +5.0 volt ref- 
erence and pin 13, the negative terminal or shut-down pin, is 
tied to the current limit latch. The output of this error amplifier 
(equal to Vreg since both error amplifier outputs are tied to the 
wave-shaping logic) will rapidly increase toward the + 5.0 volts. 
Recall that if Vreg exceeds the peak sawtooth voltage, pulses 
are inhibited and the power supply shuts-down. 



Base Drive 

Figure 5-42 illustrates the BASE DRIVE circuitry which turns 
switching transistor Q7 on and off in response to the output 
of the pulse generator portion of U1. The "ON" circuit is 
shown in Figure 8a and the "OFF" circuit is shown in Figure 
8b. Waveforms for these circuits appear in Figure 5-43. 

The output transistor of U1 combined with Q3 forms a Darling- 
ton pair. This circuit provides the relatively large current nec- 
essary (through coupling capacitor C8) to turn on Q7. R23 limits 
this base current to a value large enough to turn on Q7 quickly, 
but not so large that it will exceed the ratings of Q3, C8, or the 
base emitter junction of Q7, or so large that the turn-off time of 
Q7 is excessive. 

As Q3 turns on, C8 charges to approximately +5 volts and Q7 
is driven into saturation. Energy is stored in the primary winding 
of T1 as the collector current of Q7 increases or "ramps up" at 
a rate determined by the inductance of the transformer primary 
winding. 

When the output transistor of U1 turns off, the emitters of Q1 
and Q2 are initially at the +6 volt level determined by the 
charge on C8, the Vbe drop of Q7, and the drop across R37. 
Both base-emitter junctions of the Q1-Q2 Darlington pair are 
biased ON and the positive terminal of C8 is clamped to near- 
ground by the saturating Q1 . At this point, C8 still has most of 
its charge and the base voltage of Q7 is approximately -4.5 
volts with respect to ground. 



R37 




(a) Turn Q7 ON 



Q7 (b) Turn Q7 OFF 



Figure 5-42. Base Drive Circuit 
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Figure 5-43. Q7 Base Voltage Waveform 



With the strong reverse polarity provided by C8 across the base 
emitter junction of Q7, the "forward" charge stored in the junc- 
tion capacitance is quickly swept out and Q7 is turned off. C8 
continues to discharge through R24 to prepare for the next 
"ON" cycle. R19 limits the initial discharge of C8 while Q7 is 
turning off. 

Notice the symmetry in the base drive circuit and the key role 
played by C8 in both the turn-on and turn-off sequences. Be- 
cause of this crucial role in the circuit, this capacitor is specified 
as a high temperature, low-equivalent-series-resistance 
component. 



Primary Circuit and Current Limit Shutdown 
The Primary Circuit 

The Primary circuit, shown in Figure 5-44 (a), functions exactly 
as described earlier in the "Basic Principle" section. That is, the 
switch (Q7) is controlled by the base drive waveform developed 
by the control section. 
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Figure 5-44. Primary Side Protection 
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The Snubber Circuit 

Practical transformers cannot couple 1 00% of the stored en- 
ergy from the primary to the secondary since all of the flux from 
the primary fails to link all the secondary turns. A circuit using 
this practical transformer behaves as though a small fraction of 
the primary inductance was not wound on the core of the trans- 
former, but instead placed apart from the primary and in series 
with it. This small, separately-acting inductance does not par- 
ticipate in the transformer action and is called the leakage 
inductance. 

If the resonant circuit, consisting of this leakage inductance and 
the stray capacitance in the adjacent circuit, has sufficient Q 
(relatively low resistance losses), a damped oscillation will oc- 
cur in this resonant circuit when the transistor switch opens. 
The peak value of this oscillation will add to the Vce = 2 x Vin 
which appears across the transistor switch just after turn-off. 
The combined peak Vce may exceed the transistor breakdown 
rating if not damped out by the action of a snubber circuit. 

When Q7 turns off, the energy stored in the leakage inductance 
is transferred to the electric field of the total capacitance of C37 
plus stray capacitance. (Since C37 capacitance is much larger 
than the strays, it dominates in this action and tends to limit the 
peak value of the Q7 turn-off voltage.) If there were no resist- 
ance in this series connection of C37-plus-parasitics and leak- 
age inductance, they would exchange this energy back and 
forth indefinitely. R40 is used to damp this oscillation without 
excessively slowing the turn-off voltage spike at the collector of 
Q7. 

Current Limit Circuit and the Shut-Down Sequence 

The current limit circuit forces the voltage level at a control pin 
of U1 to change to a near-zero value very quickly when the cur- 
rent in the transistor switch exceeds a predetermined point. It 
also removes the supply voltage from the control circuit and re- 
sets the kick start latch and soft-start circuits. 

The current limit circuit shown in Figure 5-44(c) has three parts: 
a control bus, a detector, and a latch. The control bus supplies 
the operating DC voltage to the current limit circuit. It also con- 
ducts the current limit signal to control pin 13 and to the reset 
point in the kick start latch circuit. Diodes CR2 and CR3 steer 
this signal. 

The normal maximum peak current in switching transistor Q7 is 
3 amps. The detector transistor Q8 is biased to turn on by the 
divider action of R35 and R36 whenever the Q7 peak current 
through R37 exceeds 4 amps. A low-pass filter, formed by R35 
and C22, prevents false detections on transient signals that 
don't represent an over-current condition. 



As soon as Q9 turns on, its collector current develops the turn- 
on bias for Q8 across R33, and the Q8-Q9 pair "latches" in the 
"ON" state until the DC source for the latch is removed. Re- 
moval of this DC source occurs when C1 discharges through 
CR1 , thus removing DC voltage from the control IC. Notice also 
that the kick start latch, Q4 and Q5, is still in the "ON" state and 
thus provides a discharge path for C14. When the decreasing 
voltage across C14 is less than approximately one volt, the Q4- 
Q5 latch also switches off. 

At this point in time, all circuits are in an OFF condition except 
the input DC supply. C14 now begins to re-charge toward the 
input DC supply to restart the power supply. If a fault remains, 
the kick start and current limit circuits will continue to shut-down 
and re-start the power supply several times per second until the 
fault is removed or AC power to the supply is turned-off. 

Under-Voltage Lockout 

The Under-Voltage Lockout, UVL, shuts down the supply 
whenever the AC input voltage drops below about 90 volts. This 
occurs when the voltage at pin 13, set by the divider action of 
R27 and R25, diminishes to a level below the internal reference 
supply of the control IC. Pulses are inhibited immediately and 
because the DC supply to the Control IC is no longer replen- 
ished by the auxiliary supply, it discharges toward zero. 

Why is it important to shut down the supply if the input AC line 
drops below 90 volts? The answer will become clear when an 
inherent characteristic of the circuit is discussed, namely, its 
negative input resistance. 

Imagine the situation where the supply is delivering full power 
to its load and the AC input voltage drops five or ten volts. The 
supply control circuit responds by increasing the "ON" time of 
the switching transistor thus increasing the average current in 
the primary winding. The only way the DC supply can deliver 
more current is to draw it from the AC line. So the negative 
change in AC input voltage was accompanied by a positive 
change in AC input current. 

Another way to describe this characteristic is that the supply is 
a constant power device, that is: 

Pin = Vin x lin = constant. 

Thus if V decreases, I will increase, and vice versa. The supply 
will thus draw more and more current from the AC line if the AC 
voltage continues to decrease. In order to limit the average cur- 
rent to a safe value, the control circuit senses the input voltage 
and shuts down the supply before the AC voltage level be- 
comes too low or the AC current input becomes too high. 
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Secondary Outputs 

Each of the secondary windings consist of a half-wave rectifier 
followed by a pi filter. The input capacitor of the filter stores the 
charge delivered to it when the rectifier is biased ON by the po- 
larity of the transformer winding. The inductor and the output 
capacitor form a low-pass filter which removes the switching 
frequency ripple component. 

The current output of the -12 volt supply is much smaller than 
that of the positive voltage outputs. Because of this, the current 
limit circuit response is not sufficiently effective to prevent dam- 
ageto the - 1 2 volt circuit. Therefore, a three terminal regulator 
with its own current limiting circuit is used to protect the -12 
volt output. 

All of the 12-volt rectifiers are fast recovery types and the +5 
volt rectifier is a Schottky type. These diodes feature high 
switching speeds during turn-off. Their low forward voltage 
drop minimizes dissipation resulting in maximum efficiency. 
Each of the positive outputs has a bleeder resistor. 



The reason for two separate + 1 2 volt outputs is to provide suf- 
ficient isolation between different types of loads. It is easier to 
regulate the + 1 2 volts if the load which contains the DC motors 
in the disk drives is separated from the rest of the loads. In ad- 
dition, the +12 volt "Disk" output (V3) is included in the load 
sense network in order to minimize the load transients which 
occur when the disk drives turn on and off. The supply is then 
better able to regulate the other + 1 2 volt outpirt (V2) during the 
severe V3 transitions. 

Load Sense and Feedback Signal Development 

The circuit of Figure 5-45 has three parts. In part (a), the IC's 
U2 and U3 are biased ON by resistors R1 1 and R22. These re- 
sistors also sense the changes in AC line input voltage to pro- 
vide line regulation. U2A is the LED half of an optocoupler 
which serves to isolate the DC ground circuits of primary and 
secondary while coupling the AC feedback signal via optical 
coupling. U3 serves as both a stable DC reference voltage 
which the output voltages are compared against and as an er- 
ror amplifier which provides the gain necessary for adequate 
sensitivity of the control IC to load changes. 
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Figure 5-45. Feedback Signal Development 
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Each of the passive components in the load sensing network is 
a high stability ( + / - 1 0Oppm) part to assure stability of the net- 
work over the operating temperature range of the power supply. 

Part (b) of Figure 5-45 includes the network which tailors the 
frequency response of the error amplifier so that it responds to 
lowfrequency change only. This network, consisting of R1 4/C5 
and R13/C4, also determines the stability of the power supply 
by ensuring that the power supply control circuit has no tend- 
ency to oscillate. 

Part (c) illustrates the load sensing network. Equal currents 
through R15 are supplied from the + 12V DISK and + 5.05V 
outputs by R29 and R30. In addition, a portion of the transient 
signal occurring on the + 12V CRT output (when the motors 
turn on or off) is fed to R15 by C17. The wiper of R1 5 feeds a 
control signal which represents the status of the current loads 
to the error amplifier U3. U3 amplifies and compensates it then 
U2 couples that control signal to U1 where it is used to vary the 
switching transistor (Q7) ON time to adjust the output voltages 
as necessary. R15 is adjustable to provide the initial set-up of 
the + 5.05V output when it is installed in a computer. 




o + 



5 Volt 

Output 



Figure 5-46. Overvoltage Crowbar 

Overvoltage Crowbar 

Some of the circuits supplied by the +5 volt output are quite 
sensitive to voltages in excess of 7 volts. Since some circuits 
require both + 5 and + 1 2 volts, a failure in those circuits could 
apply + 1 2 volts to the + 5-volt bus and thus damage some of 
the + 5-volt circuits. To prevent the + 5-volt bus from exceeding 
a safe level, an SCR, Q6, is used to "crowbar" or short-circuit 
the + 5.05 volt output to the secondary ground bus. This short 
circuit triggers the current limiting circuit and the supply shuts 
down until it tries to restart. 



Power Chain 

In a sense we have already analyzed the power chain in the 
section on basic principle of operation. The base drive causes 
the switching transistor to turn on and off at a prescribed rate. 
This action alternately stores energy from the DC input in the 
primary inductance and releases it into the secondary through 
the flyback transformer action. The energy is then stored in the 
input filter capacitor at a voltage determined by the transformer 
turns ratio. Notice that the turns ratio determines the ratio of col- 
lector voltage to secondary voltage, both of which are alternat- 
ing voltages. The ratio of input-to-output DC voltage is 
determined by the duty cycle and the turns ratio together. 

For example, let's look at the +5 volt output of Figure 5-31 at 
normal loading and approximtely 120 VAC input. Under these 
conditions, the DC input voltage is 1 68 VDC and the duty cycle 
is approximately 40%. Thus, our average DC voltage at the 
switching transistor collector (or across the primary) is 40% of 
168 or 67.5 volts. Dividing this average DC voltage by the turns 
for the 5 volt secondary (54 : 4 = 13.5) gives us 5.0 volts. 



67.5V 



13.5 



= 5V 



+168 VDC 
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Figure 5-47. Power Chain 



Referring to Figure 5-46, VR2 sets the turn-on point of the SCR 
and R17 develops the gate signal when VR2's Zener break- 
down voltage of 5.6 volts is exceeded. C6 and R17 provide cur- 
rent limiting for VR2 and filter the gate signal so Q6 won't 
respond to transient signals. 
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Control Chain 



Imagine the load end of the feedback path disconnected from 
the + 5.05 volt output terminal and unfolded so that the load 
sense network is now at the "input". The secondary rectifier 
(CR5) and filter (C1 0-C 1 2, L1 ,) remain as the output. The circuit 
as it now appears, redrawn in simplified form in Figure 5-48, is 
known as the control chain. To see how the regulation action 
occurs, assume a small negative voltage change at the "input" 
of the feedback network and follow it through the control chain. 

This negative voltage change, which would correspond to a 
slightly heavier load current, appears at pin 1 of U3 as a de- 
creasing voltage. The error amplifier in U3 inverts and amplifies 
this signal. The positive-going output voltage of U3 at pin 3 
causes less current to flow in the internal LED of U2A. A replica 
of this smaller current, optically coupled and induced in the pho- 
totransistor of U2B, develops a reduced voltage across R7 at 
the non-inverting input of the regulator error amplifier in U1 . 



The regulator error amplifier in U 1 does not invert the signal, but 
further amplifies it, improving the sensitivity of the control chain 
to small changes at the power supply output. The regulator er- 
ror amplifier output is Vreg. Since we established earlier that a 
negative-going Vreg increases the length of the base drive 
pulse, Q7 is turned on a little sooner so that it can store more 
energy from the AC line in the primary inductance. Finally, this 
increased energy is stored in the filter capacitor C1 0, C1 1 dur- 
ing the flyback interval and supplies the increased demand for 
current that resulted in the original reduction in the output 
voltage. 

More simply stated, the control chain uses an amplified version 
of the output voltage CHANGE to adjust the width of the base 
drive pulse through the action of a control voltage at a compar- 
ator input. 
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Figure 5-48. Control Chain Simplified Schematic 
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5.4.4 Troubleshooting Chart for 65 Watt Power Supply 



Trouble 



open fuse 



Current limit cycle 



no pulses at pin 8 of 111, 
(i.e., supply shut down) 



Cause 

shorted line input filter capacitor 
shorted bridge 
shorted filter capacitor 
shorted switching transistor 

single rectifier open in bridge 

open filter capacitor 

shorted snubber capacitor or resistor 

open opto-coupler 

shorted supply output 

shorted output rectifier 

open or shorted output filter capacitor 

defective crowbar 

no aux. DC supply 

no "kick start" 

no base drive 

dead-time control divider malfunction 

under-voltage protect divider 

malfunction 

PWM feedback malfunction 



Remedy 

check and/or replace C33, C32 5 C31 , C30 

check BR1 

check C29 5 C26, R39 

check Q7, C37, R40, C26, T1 prL, Q3, 

Q1.R37 

check and/or replace BR1 

check C29 

check C37, R40 

check U2 

check computer for short on + 5V, +1 2V 

CRT, + 12V DISK, -12V outputs and 

clear shorted condition 

check CR5, CR6, CR7, CR8 

check C16, C18, C25, C23, C10, C11, 

C12, C19, C20 

check Q6 

Check and/or replace CR4, C14, T1 aux. 

check R26, Q4, Q5, VR1 , CR1 , C1 

check U1,Q3, R23, C8, R24 

check C2, R4, R5, U1 (for V ref.) 

check R27, R25, C9, Q9 

check and/or replace U1 , U2, C3 
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5.4.5 Testing and Adjustments 

The following tests should be performed to guarantee correct 
operation of the power suply after repairs have been made. The 
first test checks the primary circuits and is to be made without 
AC power applied. The second test is a complete operational 
test with AC power applied. 

Primary, Checks T2, U1 

NO AC POWER APPLIED 

1 . Apply +35 volts DC via 1 70 ohm, 5 watt resistor from Q4 
emitter to the primary side of ground. Primary side ground 
is the point labeled 1 on the schematic. Also apply 35 
volts DC via a 120k ohm resistor and a normally closed 
SPSTswitch from Pin 13 of U1 to primary ground. Observe 
the voltage across C1 4 as it charges. As it reaches a value 
near + 31 volts, it should drop to near + 1 6 volts as Q5 and 
U1 turn on. 



Measurement Techniques 

1 . Ripple — Unit connected to full load at low line. One end of 
50 ohm coaxial cable connected to output terminals. Other 
end of cable (terminated with 0.01 uF ceramic cap in series 
with 51 ohm resistor) connected to scope using BNC T-fit- 
ting. Two components at 1 20 Hz and 40 kHz. 

2. Efficiency — Use Diego Systems Series 200 power 
monitor. 



Efficiency = 



Power Out 



Power In 



2. Check U1 pin8and/orQ7baseforabasedrivepulse: a40 
kHz square wave of 8/4 volts respectively. 

3. Switch the SPST switch connecting the 1 20k ohm resistor 
from Pin 1 3 of U1 and check for loss of base drive pulses 
onQ7. 

Operational, Checks T2, U1, U2 

APPLY AC POWER 

1. Apply rated maximum loading for condition 1 (Model III 
use) o r condition 2(51 1 A" Hard Disk use). 

2. Apply 1 20 VAC input voltage and observe Q7 current (via 
loop on PCB) and voltage (at TP2). Supply should start in 
two to four seconds. 

3. Observe the + 5.05 olt output and adjust R1 5 until the out- 
put is exactly + 5.05 volts DC. 

4. Measure + 1 2V and - 1 2V outputs. 

5. Check all outputs at Vin = 90 VAC and 1 35 VAC at: 

(a) minimum and maximum loads 

(b) check + 1 2V CRT when + 1 2V DISK varies in transient 
test. 

6. Measure ripple. See Measurement Techniques below. 

7. Measure efficiency. See Measurement Techniques below. 

8. Test operation of current limit and over-voltage protection 
circuits by applying + 7.0 volts to the + 5 volt output. 
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PARTS LIST 

Power Supply Assembly 8790049, 65W 



Item Sym Description Part Number 

1 1 Printed Circuit Board 8709365 



Jl Fan Output 2-pin verticle 8519214 

BR1 Bridge, 2A, 600PIV 8160402 

CI lOuF, 35V, elect., radial 8326103 

C2 4.7uF, 50V, elect., radial 8325474 

C3 0.047uF, 50/63V stacked metal 8393474 

C4 0.47uF, 50/63V stacked metal 8394474 

C5 0.068uF, 50/63V stacked metal 8393684 

C6 luF, 50, elect., radial 8325014 

C7 O.OOluF, 63V poly 8392104 

C8 47uF, 25V, elect., radial 8326472 

C9 lpiF, 50V, elect., radial 8325014 

C10 2200uF, 10V, elect., radial 8328224 

Cll 2200uF, 10V, elect., radial 8328224 

C12 2200uF, 6.3V, elect., radial 8328220 

C13 O.OluF, 50/63V stacked metal 8393104 

C14 lOOuF, 35V, elect., radial 8327103 

C15 lOOOpF, 100V, ceramic disc 8302106 

C16 2200uF, 16V, elect., radial 8328221 

C17 O.luF, 50/63V stacked metal 8304104 

C18 3300uF, 16V, elect., radial 8328331 

C19 lOOuF, 35V, elect., radial 8327103 

C20 lOOuF, 25V, elect., radial 8327102 

C21 .047uF, 50/63V stacked metal 8393474 

C22 .OluF, 50/63V stacked metal 8393104 

C23 470uF, 16V, elect., radial 8327461 

C24 O.luF, 250VDC metal poly 8394106 

C25 2200uF, 16V, elect., radial 8328221 

C26 220uF, 200V, elect., radial 8327226 

C27 Not Used 

C28 4700 pF, 125VAC, ceramic disc 8303475 

C29 220uF, 200V, elect., radial 8327226 

C30 4700pF, 125VAC, ceramic disc 8303475 

C31 4700pF, 125VAC, ceramic disc 8303475 

C32 .22uF, 125VAC, ceramic disc 8393432 

C33 .OluF, 250VAC, metal paper 8393106 

C34 Not Used 

C35 Not Used 

C36 .OOluF, 50/63V stacked metal 8392014 

C37 .OOluF, 630V, poly 8392017 

C38 .022uF, 63V, poly 8393422 
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PARTS LIST 

Power Supply Assembly 8790049, 65W 



Item Sym 

C39 

CR1 
CR2 

CR3 

CR4 

CR5 

CR6 

CR7 

CR8 

CR9 

CR10 

CR11 

Fl 

LI 
L2 
L3 
L4 
L5 

Ql 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 
Q8 
Q9 

Ul 

U2 
U3 

Rl 
R2 
R3 
R4 
R5 



Description 



.022piF, 63V, poly 

Diode, 1N4148, switching 
Diode, 1N4002, 1A/50PIV 



Diode , 
Diode, 
Diode , 
Diode, 
Diode, 
MUR810 



1N4002, 1A/50PIV 
1N4934, 1A/100PIV 
MBR1035, 8/10A, 35V, TO-220 
MUR810, 8A/100PIV, TO-220 
1N4934, 8A/100PIV 
8A/100PIV, TO-220 



Not Used 

Diode, 1N4002, 1A/50 

Diode, 1N4002, 1A/50 



PIV 
PIV 



3 amp , AGC 

Inductor, 
Inductor , 
Not Used 
Inductor , 
Inductor , 



5.0uh, 10A 
30uh, 5A 

30uh, 5A 
lOOuh, 3A 



MPSU51A, PNP, TO-202 
MPSA5 5, PNP, TO- 9 2 
MPSU01A, NPN, TO-202 
MPSU51A, PNP, TO-202 
MPSU01A, NPN, TO-202 



Transistor, 

Transistor, 

Transistor, 

Transistor , 

Transistor, 

SCR, 8A/50PIV, TO-220 

Transistor, MJE13006, NPN, 8A, 

Transistor, MPSA55, PNP, TO-92 

Transistor, MPSA05, NPN, TO-92 



400V 



IC, MC34060 Switching Regulator or 

IC, UA/TL494 Switching Regulator 

IC, Opto-isolator , 4N35 

IC, UA/TL431, Positive Shunt Reg. 



Resistor, 
Resistor, 
Resistor, 
Resistor, 
Resistor, 



IK, 1/4W, 5% 
6 8 ohm, 1/4W, 
28K, 1/4W, 1% 
39K, 1/4W, 5% 
15K, 1/4W, 5% 



5% 



Part Number 

8393422 

8150148 
8150002 

8150002 
8150934 
8150035 
8150810 
8150934 
8150810 

8150002 
8150002 

8479104 

8419006 
8419008 

8419008 
8419009 

8100051 
8100055 
8111001 
8100051 
8111001 
8140122 
8110006 
8100055 
8110005 

8060060 
8060494 
8170035 
8060428 

8207210 
8207068 
8200328 
8207339 
8207315 
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PARTS LIST 

Power Supply Assembly 8790049 f 65W 



Item Sym 


Description 


Part Number 


R6 


Resistor , 


4.7K, 1/4W, 5% 


8207247 


R7 


Resistor, 


10K, 1/4W, 5% 


8207310 


R8 


Resistor, 


22K, 1/4W, 5% 


8207322 


R9 


Resistor , 


4.7K, 1/4W, 5% 


8207247 


RIO 


Resistor, 


4.7K, 1/4W, 5% 


8207247 


Rll 


Resistor , 


100 ohm, 1/4W, 5% 


8207110 


R12 


Not Used 






R13 


Resistor, 


18K, 1/4W, 5% 


8207318 


R14 


Resistor , 


330 ohm, 1/4W, 5% 


8207133 


R15 


IK, 20%, 


linear Pot. 


8279211 


R16 


Resistor , 


3.32K, 1/4W, 1% 


8200232 


R17 


Resistor, 


100 ohm, 1/4W, 5% 


8207110 


R18 


Resistor , 


10 ohm, 1/4W, 5% 


8207010 


R19 


Resistor , 


1 ohm, 1/4W, 5% 


8207001 


R20 


Resistor, 


10K, 1/4W, 5% 


8207310 


R21 


Resistor, 


150 ohm, 1/4W, 5% 


8207115 


R2 2 


Resistor , 


330 ohm, 1/4W, 5% 


8207133 


R23 


Resistor, 


27 ohm, 2W, 10% 


8248127 


R2 4 


Resistor , 


22 ohm, 1/2W, 5% 


8217022 


R25 


Resistor, 


22K, 1/4W, 5% 


8207322 


R26 


Resistor , 


56K, 1W, 5% 


8247356 


R27 


Resistor , 


390K, 1/4W, 5% 


8207439 


R28 


Resistor , 


22 ohm, 1/4W, 5% 


8207022 


R29 


Resistor, 


28K, 1/4W, 1% 


8200328 


R30 


Resistor, 


6.65K, 1/4W, 1% 


8200266 


R31 


Not Used 






R32 


Resistor, 


IK, 1/4W, 5% 


8207210 


R33 


Resistor , 


100 ohm, 1/4W, 5% 


8207110 


R34 


Resistor , 


IK, 1/4W, 5% 


8207210 


R35 


Resistor, 


68 ohm, 1/4W, 5% 


8207068 


R36 


Resistor , 


100, 1/4W, 5% 


8207110 


R37 


Resistor , 


0.22 ohm, 2W, 10% 


8248022 


R38 


Thermistor 10 ohm 25c 


8298010 


R39 


Resistor , 


56K, 1W, 5% 


8248356 


R40 


Resistor , 


82 ohm, 5W, 5% 


8248082 


R41 


Resistor , 


56K, 1/4W, 5% 


8207356 


R42 


Resistor , 


4.7K, 1/4W, 5% 


8207247 


Tl 


Transformer, Power, 65W flyback 


8790063 


T2 


Line Chok 


e, 5.5mH/side, 2A 


8790045 


VR2 


Zener, 1N5232B, 5.6V 


8150232 


VRl 


Zener, 1N5256B, 30V 


8150256 


VR3 


Voltage R 


egulator 79M12 -12V 


8051912 
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MISCELLANEOUS HARDWARE 

2 Clip, Fuse, PC Mount 1/4" Fuse (Fl) 8559042 

1 Connector, 2 Pin, Vert. (Jl) 8519214 

1 Connector, 3 Pin (J3) 8519153 

1 Connector, 13 Pin (J2) 8519154 

1 Bracket, Heatsink, TO-220 (CR5,6,8) 8729167 

1 Heatsink, Transistor, TO-220 (Q7) 8549003 

4 Insulator, TO-220, Mica (Q7,CR5,6,8) 8539003 

4 Nut, KEPS, #4-40 (Q7,CR5,6,8) 8579003 

4 Screw, #4-40 x 3/8" (Q7, CR5 , 6 , 8 ) 8569002 

4 Washer, Shoulder (Q7, CR5,6,8) 8589026 

4 Wire, Jumper 20 Ga. (Wl,2,5,6) .5" 

1 Wire, Jumper 20 Ga. (W7) 

1 Wire, Jumper 20 Ga. (W4) 

1 Wire, Stranded 600V (W3) 8433006 
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5.5 CRT DISPLAY 
5.5.1 Specifications 

The supply voltage is 1 2.000 DC, + / - 0. 1 0V, from a regulated power supply. The room temperature is 25 degrees C. 





Unit 


Nominal 


Limit 


Power Input (1K = 30uA), 12V 


(A) 


0.85 


1.0 


Input Level 








Horizontal (Positive-going Sync) 


(V) 


- 


TTL Compatible 


Vertical (Negative-going Sync) 


(V) 


- 


TTL Compatible 


Video (Positive-White) 


(V) 


- 


TTL Compatible 


Video Bandwidth (10Hz - 12MHz) 


(dB) 


- 


+ /-3 


Horizontal Retrace 


(fxSec) 


8.2 


9.5 


Vertical Retrace 


(fiSec) 


700 


1,000 


Scanning Frequency 








Horizontal 


(Hz) 


15,840 


+ /-500 


Vertical 


(Hz) 


- 


47-63 


Resolution at Center 


(Lines) 


- 


800 


Resolution at Corner 


(Lines) 


- 


680 


Geometric Distortion 








Pin/Barrel distortion on top/bottom 


(Inch) 


- 


+ /-0.05 




on Sides (Inch) 


- 


+ /-0.038 


Trapezoidal Distortion top/bottom 


(Inch) 


- 


0.150 




left/right (Inch) 


- 


0.100 


Parellogram Distortion 


(Inch) 


- 


0.100 


Raster Tilt 


(Degree) 


- 


+ /-1.0 


Linearity 


(%) 


- 


+ /-10 


Vertical Size 








Video (24 rows) 


(Inch) 


4.5 


+ /-0.20 


Horizontal Size 








Video (80 characters/Row) 


(Inch) 


6 


+ /-0.20 
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5.5.2 Adjustment Procedures 



Horizontal Synchronization Adjustment (Figures 5-50 thru 5- 
52) 

When there is a pattern on the CRT as shown in Figure 5-50, 5- 
51 , adjust VR301 to terminate scrolling, and then do VR301 
slightly to move the video into the center of the raster as illus- 
trated in Figure 5-52. 



Vertical Synchronization Adjustment (Figures 5-53, 5-54) 

Adjust VR201 to stop scrolling, when video is rolling upward or 
downward as shown in Figure 5-53. By turning VR201 clock- 
wise and counter-clockwise, the initial points of scrolling can be 
confirmed. Consequently, set VR201 at the center between the 
confirmed points. 




Figure 5-50. 




Figure 5-51. 



Figure 5-53. 



V- HOLD 
PULL IN RANGE 




Figure 5-54. 



Vertical Size Adjustment (Figure 5-55) 




^RASTER 
Figure 5-52. 



Generate a full white screen on the CRT, and adjust the video's 
vertical size to be 4.5". 




Figure 5-55. 
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Horizontal Size Adjustment (Figure 5-56) 



Raster Tilt Adjustment (Figures 5-58, 5-59) 



Generate a full white screen on the CRT. Adjust video's hori- 
zontal size with L302 to be 6.0". 



-VIDEO 



=jr 



RASTER 



HORIZONTAL 
WIDTH 

Figure 5-56. 



Focus Adjustment (Figure 5-57) 

Display a full screen of the character "H" and adjust VR303 so 
that all the characters are the same size and shape and in sharp 
focus. While adjusting, observe both peripheral and central 
areas of the display. 



Form a series of " - " characters along the horizontal center line 
as shown in Figure 5-58. Adjust the center line to make A1 = A2 
by turning the deflection yoke left and right. 




V 



J 



Figure 5-58. 



Note: Loosen the cramp screw on the deflection yoke for tilt ad- 
justment as shown in Figure 5-59. 




Figure 5-57. 



DEFLECTION 
/ YOKE 

CLAMP 




VIDEO 

CENTERING 

MAGNETS 



Figure 5-59. 
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Video Centering Adjustment (Figure 5-60) 

Display a white screen or a full screen of the character "H" and 
adjust the centering magnet on the deflection yoke to make 
L = RandT = B. 



r^^\ 



% — 
IE 



Figure 5-60. 

Internal Brightness Adjustment (Figure 5-61) 

Set the remote brightness control to the center position, and ad- 
just VR302 to hold the raster at the point at which it is first 
visible. 




VIDEO 
RASTER 

Figure 5-61. 




l/NORMAL 



Figure 5-62. 



Trapezoidal Correction (Corners) Procedure 

Perform this adjustment if the CRT exhibits the abnormal ef- 
fects as shown in Figure 5-63. 

Step 1 . Push a magnet onto the yoke mounting pin as shown 
in Figure 5-63. Magnet should be placed only on the 
pin that corresponds to the affected area. 

Step 2. Rotate the magnet to obtain the desired video display, 
labeled "NORMAL" in Figure 5-63. 

Step 3. If the desired video display cannot be obtained, replace 
with a proper magnet. 



Video Distortion Adjustment (Figures 5-62, 5-63) 

Insert a video distortion-correcting magnet onto the magnetic 
holder if required, and rotate it for adjustment. 

Pincushion/Barrel Correction (Top, Bottom and Sides) 

Perform this adjustment if the CRT exhibits the abnormal ef- 
fects shown in Figure 5-62. 

Step 1 . Push the magnet on the yoke mounting pin as shown 
Figure 5-63. A magnet should be placed only on the 
pin that corresponds to the affected area. 

Step 2. Rotate the magnet to obtain the desired video display 
labeled "NORMAL" on Figure 5-62. 

Step 3. If the desired video display cannot be obtained, replace 
with a proper magnet. 




t\ NORMAL 



Figure 5-63. 
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5.5.3 Theory of Operation 



Video Control 

The DC controlling voltage from P8 determines the level of TTL 
compatible, positive and non-composite video signal which is 
provided by the CPU. 

Video Drive and Video Out 

Q1 02 and Q1 03 are connected in a cascade configuration. The 
video signal, of which the level is subject to the video control as 
stated above, comes into the base of Q102. C102 and R105 
compensate high frequency. The video out signal (with flat re- 
sponse) is amplified via Q103 and provided to the cathode of 
CRT501. 

The Vertical Control Process 

The vertical control process consists of four stages: Vertical 
Oscillator, Vertical Drive, Vertical Out and Flyback Generator. 
These four stages are processed by IC201 . 

Vertical Oscillator 

A sawtooth wave pattern is generated through C204, R204, 
VR201 and an oscillator circuit, and synchronized with the neg- 
ative-going vertical sync signal which is applied to pin 1 of 
IC201 . 

Vertical Drive 

A vertical sawtooth wave is AC coupled to the vertical drive amp 

for linear amplification via C207. 

Vertical Out 

The vertical drive is linked to vertical out within IC 201 . Vertical 
output from Pin 8 of IC201 is applied to DY501 , and is AC cou- 
pled by C209. Part of the output power at R206 is returned to a 
vertical drive by the NF loop which is made up of C205, C206, 
R207, and VR202, providing lineality compensation to the elec- 
tric current which passes across the deflection yoke. 

Flyback Generator 

A pulse that exceeds the source voltage ( = 20V) is generated 

at the vertical output terminal, Pin 8 of IC201 , during retrace. 

The Flyback pulse generator which consists of D201 , C21 1 and 

a part of IC201 boosts the source voltage for that period 

accordingly. 

Horizontal Sync Amp 

A TTLcompatible, positive-going horizontal drive signal from P- 
6 is wave-shaped by C301 and R301 , amplified by Q301 and 
applied to the Pin 1 of IC301 . 



Phase Detector 

The negative-going horizontal pulse is applied to a filter that 
consists of R306, C306 and C31 0, used as a sawtooth wave for 
comparison and is AC coupled via C305 and flows to Pin 3 of 
IC301 . The retrace part of horizontal sawtooth wave and the 
horizontal sync signal are applied to a phase detector and exist 
on Pin 4 of the phase detector. This output is used for the phase 
control of DC through the filter, consisting of C307, C308 and 
R305. 

Horizontal Oscillator 

A horizontal pulse is provided through the horizontal oscillator 
circuit consisting of C31 1 and IC301 . This oscillator signal is 
phase-controlled according to the signal from the phase detec- 
tor out (Pin 4 of IC301 ). The horizontal oscillator frequency is 
adjusted by VR301. 

Horizontal Drive 

The horizontal oscillator output (which is phase-controlled as 
stated above), is applied to the horizontal drive buffer for am- 
plification through IC301 , and goes out on Pin 7 of IC301 . 

X-Ray Protection 

When supplied with excessive source voltage (more than about 
14V), the X-ray protection of IC301 works to terminate the hor- 
izontal oscillator to prevent the CRT from emiting X-rays over 
the regulated amount. High voltage causes CRT's to emit more 
X-ray radiation than allowed. 

Horizontal Out 

Output power at Pin 7 of the horizontal control process IC is ap- 
plied to Q303 through T301 . Q303 operates a switching func- 
tion with about 21 (x sec OFF and 42|x sec ON. An electrical 
current of sawtooth waves comes to DY501 through Q303 ac- 
tuating a switching function and a dumper-diode, which helps to 
deflect the electron beams. 

Electrical current passes across DY501. This pulse voltage is 
enhanced by the FBT, rectified, and used as the anode voltage 
(1 1 kV), focus voltage (450V) or video voltage (60V). 

The output pulse at the collector of Q303 is rectified to be dou- 
bled (-160V) and provided as the voltage for internal bright- 
ness and focus. 



174 



CD 





-n 


O 




CO 


O 


vj 


c 

CD 


7s 

D 


(J\ 


on 


> 




o> 


a 




^ 


> 

5 



AN5763 IC20I 



BLOCK DIAGRAM 



VERTICAL 
0SCILAT0R 



BUFFER 



□ s a 



T±r 



VERTICAL 
DRIVE 



VERTICAL 
OUT 



3 



[6j LU LU LU [sj ^oj 



FLAY BACK 
GENERATOR 



TUT 



VCC 



LJ 



HU 



AN5753 



IC30I 



SYNC 
SEPARATOR 



PHASE 
DETECTOR 



HORIZONTAL 
OSCILATOR 



X-RAY 
PROTECTOR 



1 j~i 



HORIZONTAL 
DRIVE 



LU L?J \i] "ID E H \e\ ^r 



I 




5 

> 

Q. 
O 



00 
(J 

a. 



o 

LU 



LU 
Q 



R 



VIDEO MONITOR 



CRT ANODE 




5 

UJ 

> 



o 

CO 



CD 

d 

CL 



o 

LU 

-I 
LL 
LU 
Q 



(^ 
h* 



VIDEO MONITOR 




I U ABCD EFGpI 

^ — o-o-o-cj— n-o-o-iL! 1 



CRTP.C.B. TOP VIEW 



TR 103(0103) 




CRT P.C.B. BOTTOM VIEW 



178 



GND 


1 


RAW VIDEO 


2 


BRT WIPER 


3 


BRT LOW 


4 


12V OUT 


5 


H-DRIVE 


6 


12V IN 


7 


DC CONTROL 


8 


V-DRIVE 


9 


GND 


10 



HORIZONTAL 



IC30I 



AN5753 



D306 B8T4 
or IN4936 



TR30I 2SC536<F) 
or LC945(P) 





~^J7 Cl04 




TR302 

2SC2373{K,L)or 

2S0772A 



C3I5 
JL 0.047/4Q0V 



03 03 BBT4 
jfr o' IN4936 

-H— 



C3I4 
0.0 33/400 V 



D304 BBT4 
or IN4936 



/// 



C3I6 
1/25 



ovfi. 



J// 



R320< 
I50K 



0305 BBTIO 
or MR8IB 



>f 



R3I5 
50K(i/2W) 
WV< -WV-f-A/W — "I 
R3I4 
82K 
(I/2W) 



w & 



);f 



R3I6 
220K 
U/2W 



C3I9 
0.0047/IKV 



w 



MAIN RC.B. 



NOTE 



(1) ALL RESISTANCE VALUES ARE INDICATED IN 

(2) ALL CAPACITANCE VALUES ARE INDICATED IN "jj F " (P = IO" 6 pF) 



Revised on Moy 16, 1983 






SSUED 



OCT. 11. «83 



TC ELECTRONICS 
ENQ. PEP. J 



APPROVED BY 



CHECKED BY 



^m 



a/8 



DESIGNED BY 



Si NiUWt, 



TITLE 



-SCHEMATIC DIAGRAM 



MODEL 



VIDEO MONITOR 
8790612 



DRAWING NO- 



D-23533 



TRI03 

(0103) 2SC2228Y(E) 
or 2SCI573NC(0) 



CRT50I 
M24-302GH/P 



GND 
RAW VIDEO 
BRT WIPER 
BRT LOW 
12V OUT 
H-DRIVE 
12V IN 
DC CONTROL 8 
V-DRIVE 9 

GND 10 



R30M 
I0K J 



TR30 

(0301) 2SC536CF) 
or LC945(P) 




MAIN RC.B. 



NOTE (I) ALL mMSmmX VALUES AHE INDICATED IN H OMIl"CK-IO a aMll 9 M-IO°OHM) 
(2) ALL CAPACITANCE VALUES AHE INDICATED IN %F" ( P-KT* jF) 



APPROVED BY 






CHCCKED BY 



9\ Ki <rm 

PESI9NCD 



*T 






&&- 



TITLE 



SCHEMATIC DIAGRAM 



MODEL 



VIDEO MONITOR 
8790613 



DRAWING NO. 



D-23757 



180 



Parts List 



9" Video Monitor 8790612, Model 4P Computer 



Item Sym Description 



Part Number 



1 
1 
1 
1 
1 
1 
1 
1 
1 

C101 
C102 
C103 
C104 
C105 
C201 
C202 
C203 
C204 
C205 
C206 
C207 
C208 
C209 
C210 
C211 
C212 
C301 
C302 
C303 
C304 
C305 
C306 
C307 
C308 
C309 
C310 
C311 
C313 
C314 
C315 
C316 
C317 



PCB Assembly, CRT 
Clip, Fuse 
Connector, Pin 
Fuse, 2A 250V 
Spring, Tension 
Socket, Pin 
Socket, Cylindrical 
Cord, Terminal 
Cord, Terminal 



Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 



4.7 uF, 50V Elec 20% 
120 pF, 50V Cer 10% 
0.1 uF, 50V Mylar 10% 
22 uF, 100V Elec 20% 
0.0022 uF, 500V Cer 
0.022 uF, 50V Mylar 10% 
0.022 uF, 50V Mylar 10% 
0.01 uF, 50V Mylar 10% 
0.33 uF, 16V Tant 10% 
4.7 uF, 16V Tant 10% 
4.7 uF, 16V Tant 10% 
33 uF, 16V Elec 20% 
33 uF, 16V Elec 20% 
330 uF, 35V Elec 20% 
0.033 uF, 50V Mylar 10% 
220 uF, 16V Elec 20% 
100 uF, 16V Elec 20% 
220 pF, 50V Cer 10% 
0.47 uF, 50V Elec 10% 
100 pF, 50V Cer 10% 
0.022 uF, 50V Mylar 10% 
0.018 uF, 50V Mylar 10% 
0.018 uF, 50V Mylar 10% 
4.7 uF, 50V Elec 20% 
0.01 uF, 50V Mylar 10% 
220 uF, 16V Elec 20% 
100 pF, 50V Cer NPO 
0.0047 uF,50V Poly 5% 
1000 uF, 25V Elec 20% 
0.033 uF, 400V Poly 5% 
0.047 uF, 400V Poly 10% 
1 uF, 250V Elec 20% 
0.01 uF, 630V Poly 10% 



U31005 

197303080A 

194110780A 

251000790A 

434010120A 

194010370A 

196310010A 

316010150B 

316010140A 

CE04(RB) 475M50V 

CK45B1H121K 

CQ92M1H104K 

CE04C226M100V 

CK45E2H222P 

CQ92M1H223K 

CQ92M1H223K 

CQ92M1H103K 

CS15E1C334K 

CS15E1C475K 

CS15E1C475K 

CE04C336M16V 

CE04C336M16V 

CE04C337M35V 

CQ92M1H333K 

CE04C227M16V 

CE04C107M16V 

CK45B1H221K 

CE04(RB) 474K50V 

CK45B1H101K 

CQ92M1H223K 

CQ92M1H183K 

CQ92M1H183K 

CE04C475M50V 

CQ92M1H103K 

CE04C227M16V 

CC45CH1H10U 

CQ92P1H472J 

CE04C108M25V 

CQ92P2G333J 

CQ92P2G473K 

CE04C105M250V 

CQ92P2J103K 
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Parts List 

9" Video Monitor 8790612, Model 4P Computer 



Item Sym Description 



Part Number 



C318 
C319 
C320 
C321 
C322 
C323 
C324 
C350 
C401 
C501 

D101 
D201 
D202 
D203 
D302 
D303 
D304 
D305 
D306 



Capacitor , 
Capacitor , 
Capacitor , 
Capacitor , 
Capacitor , 
Capacitor , 
Capacitor , 
Capacitor , 
Capacitor , 
Capacitor , 



0.01 uF, 630V Poly 10% 
0.0047 uF, 1000V Cer 
0.0022 uF, 500V Cer 
0.0022 uF, 1000V Cer 
10 uF, 25V Elec 20% 
0.0022 uF, 500V Cer 
0.0022 uF, 500V Cer 
0.0082 uF, 400V Poly 5% 
220 uF, 16V Elec 20% 
0.001 uF, 1000V Cer 



Diode, 10E-1 , Silicon 
Diode, 10E-1, Silicon 
Diode, VD1221, Varistor 
Diode, VD1221, Varistor 
Diode, BBT4, Silicon 
Diode, BBT4, Silicon 
Diode, BBT4, Silicon 
Diode, BBT10, Silicon 
Diode, BBT4, Silicon 



DY501 Deflection Yoke 

IC201 IC, AN5763, Linear V-Processor 
IC301 IC, AN5763, Linear H-Processor 
L301 Coil, 10 uH, Linearity 
L302 Coil, 30 uH, Width 



CQ92P2J103K 

CK45E3A472P 

CK45E2H222P 

CK45E3A222P 

CE04(RP)106M25V 

CK45E2H222P 

CK45E2H222P 

CQ92P2G822J 

CE04C227M16V 

CK45E3A102P 

10E-1 

10E-1 

VD1221 

VD1221 

BBT4 

BBT4 

BBT4 

BBT10 

BBT4 

581510030A 

AN5763 
AN5763 
143410040A 
143310140A 



R101 


Not used 


R102 


Resistor , 


R103 


Resistor, 


R104 


Resistor , 


R105 


Resistor, 


R106 


Resistor , 


R107 


Resistor, 


R108 


Resistor , 


R109 


Resistor , 


R110 


Resistor, 


Rill 


Resistor , 


R201 


Resistor , 


R202 


Resistor , 


R203 


Resistor, 



15 kohm, 1/4W 5% Carbon 
1 Mohm, 1/4W 5% Carbon 
220 ohm, 1/4W 5% Carbon 
33 ohm, 1/4W 5% Carbon 
91 ohm, 1/4W 5% Carbon 
47 kohm, 1/4W 5% Carbon 
1 kohm, 1/4W 5% Carbon 
1 kohm, 1/4W 5% Carbon 

1.5 kohm, 3W 5% Met Oxide 

5.6 kohm, 1/4W 5% Carbon 

4.7 kohm, 1/4W 5% Carbon 
4.7 kohm, 1/4W 5% Carbon 
100 ohm, 1/4W 5% Carbon 



RD1/4MB(S)153J 
RD1/4MB(S)105J 
RD1/4MB(S)221J 
RD1/4MB(S)330J 

RD1/4MB(S)473J 

RD1/4MB(S)102J 

RD1/4MB(S)102J 

RSM3P152J 

RD1/4MB(S)562J 

RD1/4MB(S)472J 

RD1/4MB(S)472J 

RD1/4MB(S)101J 
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Parts List 

9" Video Monitor 8790612, Model 4P Computer 



Item Sym Description 



Part Number 



R204 
R205 
R206 
R207 
R208 
R209 
R210 
R211 
R212 
R213 
R301 
R302 
R303 
R304 
R305 
R3JZT6 
R307 
R308 
R309 
R313 
R314 
R315 
R316 
R317 
R318 
R319 
R320 
R321 
R322 
R501 
R502 
R503 
R504 
R505 

T301 
T302 

TR101 
TR102 
TR103 
TR301 
TR302 



Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 



56 kohm, 1/4W 5% Carbon 
6.8 ohm, 1/4W 5% Carbon 
1.2 ohm, 1/2W 5% Carbon 
4.7 kohm, 1/4W 5% Carbon 
220 kohm, 1/4W 5% Carbon 
330 ohm, 1/4W 5% Carbon 
8.2 ohm, 1/4W 5% Carbon 
10 kohm, 1/4W 5% Carbon 
68 kohm, 1/4W 5% Carbon 
1 ohm, 1/2W 5% Carbon 
10 kohm, 1/4W 5% Carbon 
1.2 kohm, 1/4W 5% Carbon 

2.2 kohm, 1/4W 5% Carbon 
10 kohm, 1/4W 5% Carbon 

3.3 kohm, 1/4W 5% Carbon 
22 kohm, 1/4W 5% Carbon 
15 kohm, 1/4W 5% Carbon 
100 ohm, 2W 5% Met Oxide 
2.7 kohm, 1/4W 5% Carbon 
56 ohm, 2W 5% Met Oxide 
82 kohm, 1/2W 5% Carbon 
150 kohm, 1/2W 5% Carbon 
220 kohm, 1/2W 5% Carbon 
1 Mohm, 1/4W 5% Carbon 
220 kohm, 1/4W 5% Carbon 
220 kohm, 1/4W 5% Carbon 
270 kohm, 1/4W 5% Carbon 
150 ohm, 1/4W 5% Carbon 
150 ohm, 1/4W 5% Carbon 
100 kohm, 1/2W 10% Solid 
470 ohm, 1/2W 10% Solid 
470 ohm, 1/2W 10% Solid 
56 kohm, 1/2W 10% Solid 
56 kohm, 1/2W 10% Solid 



Transformer, 15.75 KHz Drive 
Transformer, 15.75 KHz Flyback 

IC, 2SA733(P), PNP Signal Amp 

IC, 2SC1313(G), NPN, Signal Amp 

IC, 2SC2228Y(E) , NPN 

IC, 2SC536(F), NPN, Signal Amp 

IC, 2SC2373(K,L), NPN, Hor Output 



RD1/4MB(S 
RD1/4MB(S 
RD1/2MB(S 
RD1/4MB(S 
RD1/4MB(S 
RD1/4MB(S 
RD1/4MB(S 
RD1/4MB(S 
RD1/4MB(S 
RD1/2MB(S 
RD1/4MB(S 
RD1/4MB(S 
RD1/4MB(S 
RD1/4MB(S 
RD1/4MB(S 
RD1/4MB(S 
RD1/4MB(S 
RSM2P101J 
RD1/4MB(S 
RSM2P560J 
RD1/2MB(S 
RD1/2MB(S 
RD1/2MB(S 
RD1/4MB(S 
RD1/4MB(S 
RD1/4MB(S 
RD1/4MB(S 
RD1/4MB(S 
RD1/4MB(S 
RC1/2GF10 
RC1/2GF47 
RC1/2GF47 
RC1/2GF56 
RC1/2GF56 



)563J 
)6R8J 
)1R2J 
)472J 
)224J 
)331J 
)8R2J 
)103J 
)683J 
)1R0J 
)103J 
)12 2J 
)222J 
)103J 
)332J 
)223J 
)153J 

)272J 

)823J 

)154J 

)224J 

)105J 

)224J 

)224J 

)274J 

)151J 

)151J 

4K 

IK 

IK 

3K 

3K 



10851001MA 
10801003YA 

2SA733(P) 

2SC1313(G) 

2SC2228Y(E) 

2SC536(F) 

2SC2373(K,L) 
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Parts List 

9" Video Monitor 8790612 f Model 4P Computer 



Item Sym Description 



Part Number 



VR201 Var Resistor, 100 kohm 
VR202 Var Resistor, 20 kohm 
VR203 Var Resistor, 100 kohm 
VR301 Var Resistor, 1 kohm 
VR302 Var Resistor, 500 kohm 
VR303 Var Resistor, 2 Mohm 



175110139A 
175110100A 
175110139A 
175110050A 
175110160A 
176910930A 



VT501 Cathode Ray Tube 



559010040A 
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Parts List 



9" video Monitor 8790613 (Green Screen), Model 4P Computer 
Item Sym Description Part Number 



1 

1 
1 
1 
1 
1 
1 
1 
1 

C101 
C102 
C103 
C104 
C105 
C201 
C202 
C203 
C204 
C205 
C206 
C207 
C208 
C209 
C210 
C211 
C212 
C301 
C302 
C303 
C304 
C305 
C306 
C307 
C308 
C309 
C310 
C311 
C313 
C314 
C315 
C316 
C317 



PCB Assembly, CRT 
Clip, Fuse 
Connector, Pin 
Fuse, 2A 250V 
Spring, Tension 
Socket, Pin 
Socket, Cylindrical 
Cord, Terminal 
Cord, Terminal 



Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 



4.7 uF, 50V Elec 20% 
120 pF, 50V Cer 10% 
0.1 uF, 50V Mylar 10% 
22 uF, 100V Elec 20% 
0.0022 uF, 500V Cer 
0.022 uF, 50V Mylar 10% 
0.022 uF, 50V Mylar 10% 
0.01 uF, 50V Mylar 10% 
0.33 uF, 16V Tant 10% 
4.7 uF, 16V Tant 10% 
4.7 uF, 16V Tant 10% 
33 uF, 16V Elec 20% 
33 uF, 16V Elec 20% 
330 uF, 35V Elec 20% 
0.033 uF, 50V Mylar 10% 
220 uF, 16V Elec 20% 
4.7 uF, 50V Elec 20% 
220 pF, 50V Cer 10% 
0.47 uF, 50V Elec 10% 
100 pF, 50V Cer 10% 
0.022 uF, 50V Mylar 10% 
0.018 uF, 50V Mylar 10% 
0.018 uF, 50V Mylar 10% 
4.7 uF, 50V Elec 20% 
0.01 uF, 50V Mylar 10% 
220 uF, 16V Elec 20% 
100 pF, 50V Cer NPO 
0.0047 uF,50V Poly 5% 
1000 uF, 25V Elec 20% 
0.033 uF, 400V Poly 5% 
0.047 uF, 400V Poly 10% 
1 uF, 250V Elec 20% 
0.01 uF, 630V Poly 10% 



U31005 

197303080A 

194110780A 

251000790A 

434010120A 

194010370A 

196310010A 

316010150B 

316010140A 

CE04(RB) 475M50V 

CK45B1H121K 

CQ92M1H104K 

CE04C226M100V 

CK45E2H222P 

CQ92M1H223K 

CQ92M1H223K 

CQ92M1H103K 

CS15E1C334K 

CS15E1C475K 

CS15E1C475K 

CE04C336M16V 

CE04C336M16V 

CE04C337M35V 

CQ92M1H333K 

CE04C227M16V 

CE04C475M50V 

CK45B1H221K 

CE04(RB) 474K50V 

CK45B1H101K 

CQ92M1H223K 

CQ92M1H183K 

CQ92M1H183K 

CE04C475M50V 

CQ92M1H103K 

CE04C227M16V 

CC45CH1H101J 

CQ92P1H472J 

CE04C108M25V 

CQ92P2G333J 

CQ92P2G473K 

CE04C105M250V 

CQ92P2J103K 
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Parts List 






9" Video Monitor 8790613 (Green Screen), Model 


4P Computer 


Item Sym 


Description 


Part Number 


C318 


Capacitor, 0.01 uF, 630V Poly 10% 


CQ92P2J103K 


C319 


Capacitor, 0.0047 uF, 1000V Cer 


CK45E3A472P 


C320 


Capacitor, 0.0022 uF, 500V Cer 


CK45E2H222P 


C321 


Capacitor, 0.0022 uF, 1000V Cer 


CK45E3A222P 


C322 


Capacitor, 10 uF, 25V Elec 20% 


CE04(RP)106M25V 


C323 


Capacitor, 0.0022 uF, 500V Cer 


CK45E2H222P 


C324 


Capacitor, 0.0022 uF, 500V Cer 


CK45E2H222P 


C350 


Capacitor, 0.0082 uF, 400V Poly 5% 


CQ92P2G822J 








C501 


Capacitor, 0.001 uF, 1000V Cer 


CK45E3A102P 


D101 


Diode, 10E-1, Silicon 


10E-1 


D201 




10E-1 


D202 


Diode, VD1221, Varistor 


VD1221 


D203 


Diode, VD1221, Varistor 


VD1221 


D302 


Diode, BBT4, Silicon 


BBT4 


D303 


Diode, BBT4, Silicon 


BBT4 


D304 


Diode, BBT4, Silicon 


BBT4 


D305 


Diode, BBT10, Silicon 


BBT10 


D306 


Diode, BBT4, Silicon 


BBT4 


DY501 


Deflection Yoke 


581510030A 


IC201 


IC, AN5763, Linear V-Processor 


AN5763 


IC301 


IC, AN5763, Linear H-Processor 


AN5763 


L301 


Coil, 10 uH, Linearity 


143410040A 


L302 


Coil, 30 uH, Width 


143310140A 


R101 


Not Used 




R102 


Resistor, 15 kohm, 1/4W 5% Carbon 


RD1/4MB(S)153J 


R103 


Resistor, 1 Mohm, 1/4W 5% Carbon 


RD1/4MB(S)105J 


R104 


Resistor, 220 ohm, 1/4W 5% Carbon 


RD1/4MB(S)221J 


R105 


Resistor, 33 ohm, 1/4W 5% Carbon 


RD1/4MB(S)330J 


R106 


Resistor, 91 ohm, 1/4W 5% Carbon 
Resistor, 47 kohm, 1/4W 5% Carbon 




R107 


RD1/4MB(S) 473 J 


R108 


Resistor, 1 kohm, 1/4W 5% Carbon 


RD1/4MB(S)102J 


R109 


Resistor, 1 kohm, 1/4W 5% Carbon 


RD1/4MB(S)102J 


R110 


Resistor, 1.5 kohm, 3W 5% Met Oxide RSM3P152J 


Rill 


Resistor, 5.6 kohm, 1/4W 5% Carbon 


RD1/4MB(S)562J 


R201 


Resistor, 4.7 kohm, 1/4W 5% Carbon 


RD1/4MB(S)472J 


R202 


Resistor, 4.7 kohm, 1/4W 5% Carbon 


RD1/4MB(S)472J 


R203 


Resistor, 100 ohm, 1/4W 5% Carbon 


RD1/4MB(S)101J 
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Parts List 



9" Video Monitor 8790613 (Green Screen), Model 4P Computer 



Item Sym Description 



Part Number 



R204 


Resistor , 


R205 


Resistor , 


R206 


Resistor , 


R207 


Resistor , 


R208 


Resistor , 


R209 


Resistor , 


R210 


Resistor , 


R211 


Resistor , 


R212 


Resistor , 


R213 


Resistor , 


R301 


Resistor , 


R302 


Resistor , 


R303 


Resistor , 


R304 


Resistor , 


R305 


Resistor , 


R306 


Resistor , 


R307 


Resistor , 


R308 


Resistor , 


R309 


Resistor , 


R313 


Resistor , 


R314 


Resistor, 


R315 


Resistor , 


R316 


Resistor , 


R317 


Resistor , 


R318 


Resistor , 


R319 


Resistor , 


R320 


Resistor , 


R321 


Resistor , 


R322 


Resistor , 


R350 


Resistor , 


R501 


Resistor , 


R502 


Resistor , 


R503 


Resistor , 


R504 


Resistor , 


R505 


Resistor , 



56 kohm, 1/4W 5% Carbon 
6.8 ohm, 1/4W 5% Carbon 
1.2 ohm, 1/2W 5% Carbon 
4.7 kohm, 1/4W 5% Carbon 
220 kohm, 1/4W 5% Carbon 
330 ohm, 1/4W 5% Carbon 
8.2 ohm, 1/4W 5% Carbon 
10 kohm, 1/4W 5% Carbon 
68 kohm, 1/4W 5% Carbon 
1 ohm, 1/2W 5% Carbon 
10 kohm, 1/4W 5% Carbon 
1.2 kohm, 1/4W 5% Carbon 

2.2 kohm, 1/4W 5% Carbon 
10 kohm, 1/4W 5% Carbon 

3.3 kohm, 1/4W 5% Carbon 
22 kohm, 1/4W 5% Carbon 
15 kohm, 1/4W 5% Carbon 
100 ohm, 2W 5% Met Oxide 
2.7 kohm, 1/4W 5% Carbon 
56 ohm, 2W 5% Met Oxide 
82 kohm, 1/2W 5% Carbon 
150 kohm, 1/2W 5% Carbon 
220 kohm, 1/2W 5% Carbon 
1 Mohm, 1/4W 5% Carbon 
220 kohm, 1/4W 5% Carbon 
220 kohm, 1/4W 5% Carbon 
150 kohm, 1/4W 5% Carbon 
150 ohm, 1/4W 5% Carbon 
150 ohm, 1/4W 5% Carbon 
1 ohm, 2W 5% Metal Oxide 
100 kohm, 1/2W 10% Solid 
470 ohm, 1/2W 10% Solid 
470 ohm, 1/2W 10% Solid 
56 kohm, 1/2W 10% Solid 
56 kohm, 1/2W 10% Solid 



RD1/4MB(S)563J 

RD1/4MB(S)6R8J 

RD1/2MB(S)1R2J 

RD1/4MB(S) 472 J 

RD1/4MB(S)224J 

RD1/4MB(S)331J 

RD1/4MB(S)8R2J 

RD1/4MB(S)103J 

RD1/4MB(S)683J 

RD1/2MB(S)1R0J 

RD1/4MB(S)103J 

RD1/4MB(S)122J 

RD1/4MB(S)222J 

RD1/4MB(S)103J 

RD1/4MB(S)332J 

RD1/4MB(S)223J 

RD1/4MB(S)153J 

RSM2P101J 

RD1/4MB(S)272J 

RSM2P560J 

RD1/2MB(S)823J 

RD1/2MB(S)15 4J 

RD1/2MB(S)224J 

RD1/4MB(S)105J 

RD1/4MB(S)224J 

RD1/4MB(S)224J 

RD1/4MB(S)154J 

RD1/4MB(S)151J 

RD1/4MB(S)151J 

RSN2P1R0J 

RC1/2GF104K 

RC1/2GF471K 

RC1/2GF471K 

RC1/2GF563K 

RC1/2GF563K 



T301 Transformer, 15.75 KHz Drive 
T302 Transformer, 15.75 KHz Flyback 



10851001MA 
10801003YA 



TR101 
TR102 
TR103 
TR301 
TR302 



IC, 
IC, 
IC, 
IC, 
IC, 



2SA733(P), PNP Signal Amp 
2SC1313(G), NPN, Signal Amp 
2SC2228Y(E) , NPN 
2SC536(F), NPN, Signal Amp 
2SC2373(K,L), NPN, Hor Output 



2SA733(P) 

2SC1313(G) 

2SC2228Y(E) 

2SC536(F) 

2SC2373(K,L) 
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Parts List 

9" Video Monitor 8790613 (Green Screen), Model 4P Computer 



Item Sym Description 



Part Number 



VR201 Var Resistor, 100 kohm 

VR202 Var Resistor, 20 kohm 

VR203 Var Resistor, 100 kohm 

VR301 Var Resistor, 1 kohm 

VR302 Var Resistor, 500 kohm 

VR303 Var Resistor, 2 Mohm 

VT501 Cathode Ray Tube 



175110139A 
175110100A 
175110139A 
175110050A 
175110160A 
176910930A 

559010070A 
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5.6 OPTIONS 

5.6.1 Graphics Board 

Introduction and Programming Information 

The Model 4 graphics board provides a low cost method of add- 
ing an advanced graphics function to your Model 4 CPU. The 
graphics board is software compatible with the Model J graph- 
ics board, but is also capable of several advanced features not 
found on the Model 3 board. 



8C 



8D 



8E 



140 Write to the X address offset 
register 

141 Write to the Y address offset 
register 

142 Write to the intermix control 
register 



The Model 4 graphics board provides 640 x 240 or 512 x 192 
dot graphics. The 640 x 240 dot graphics may be displayed as 
an independent display similar to the Model J, or it may be 
mixed with the 80 x 24 text display. The 51 2 x 1 92 dot graphics 
is always mixed with the 64 x 1 6 display. 

The Model 4 graphics board uses a 32K byte memory. How- 
ever, the graphics display uses a maximum of 19K on screen. 
The remaining memory is not normally visible on screen. This 
32K byte memory is organized as an X - Y matrix of 1 28 x 256. 
To access the memory the CPU must set up the X and Y ad- 
dress register and then read or write to the desired location. 
However, the options control register allows the programmer to 
set the graphics board for automatic incrementing or decre- 
menting of memory addresses. This makes it easy to use only 
2 single accesses to memory for most situations. 

A new feature provided by the Model 4 graphics board is the 
ability to scroll in a vertical or horizontal direction. Scrolling in 
the horizontal direction is controlled by the X offset register. 
This register scrolls one character (8 bits) for each increment or 
decrement of value. Scrolling in the vertical direction is con- 
trolled by the Y offset register. This register scrolls one line for 
each increment or decrement of value. 

The following summarizes the features of the board in an I/O 
map format. 

Port Addressing 

Hex Address Decimal Function 



Options Control Register Description 
Hex Address 83 



80 



81 



82 



83 



1 28 Write the X register address 
(0-127) 

1 29 Write the Y register address 
(0-255) 

130 Read/write to the graphics 
memory specified by the X and 
Y address register 

131 Write to the options control 
register 



BitO 
Bit 1 


= 
= 


Graphics OFF 
Waits OFF 


1 
1 


= Graphics ON 
= Waits ON 


Bit 2 
Bit 3 
Bit 4 


= 

= 
= 


Increment x Reg. 
Increment Y Reg. 
Read RAM & Clock X 


1 
1 
1 


= Decrement x Reg. 
= Decrement Y Reg. 
= Read & Hold X 


Bit 5 


= 


Read RAM & Clock Y 


1 


= Read & Hold Y 


Bit 6 
Bit 7 


= 

= 


Write RAM & Clock X 
Write RAM & Clock Y 


1 

1 


= Write & Hold Y 
= Write & Hold Y 



Notes: 

1. Bit 1 should be set high all of the time, otherwise correct 
memory refresh is not guaranteed. 

2. Bits 2-7 control the auto Increment/auto Decrement func- 
tion, allowing a fast automatic updating of the RAM address. 

3. This register is cleared on reset. 
Intermix Control Register Description 

HEX Address 8E 

Bit = Mixing of text and graphics is not possible, and 
the video display is forced into a 640 x 240 
mode of operation. 
1 = Text and graphics will be mixed, and the normal 
Model 4 control register will allow switching be- 
tween 640 and 240 graphics and 512 x 192 
graphics. 

Bit 1 No connection 

Bit 2 No connection 

Bit 3 No connection 

Bit 4 No connection 

Bit 5 No connection 

Bit 6 No connection 

Bit 7 No connection 
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Graphics Theory of Operation 



The Model 4 graphics board is designed to be a minimum chip 
solution for the addition of graphics to the Model 4 CPU board. 
The design is composed of three major elements, the dynamic 
RAM, the timing logic, and a gate array. Figure 5-65 shows a 
block diagram of the graphics board. The details of the gate ar- 
ray logic are shown in Figure 5-66. 

A general overview of the operation of the graphics board is as 
follows: 



The timing logic is composed of a PALIOL 8 and a 74LS74 dual 
flip-flop. This logic generates RAS*, CAS*, and MUX for the dy- 
namic RAM. It also generates timing synchronization signals 
XADR7, STROBE1, and STROBE2. Figure 5-67 shows a tim- 
ing diagram for these signals. The input signals are provided by 
the Model 4 CPU board and change, depending on the mode of 
operation. DCLKis "lO.xxxMHzfor 51 2 x 192 graphics. H, I, and 
J are the outputs from a counter clocked by DCLK. Figure 5-68 
shows the equations for the PALIOL8. 



The timing logic provides all of the dynamic memory timing 
signals and high speed timing for the other logic. The large 
bulk of the work is provided by the gate array device. As 
shown in Figure 5-66 this gate array interfaces to the CU 
for memory read or write cycles. The gate array also uses 
video timing signals from the Model 4 CPU board to gen- 
erate X and Y video addresses, and multiplexes the video 
addresses with the CPU X and Y counter addresses to 
drive the RAM address bus. The remaining logic on the 
board is the dynamic RAM and the shift register logic. The 
RAM is organized as 64K x 4; however, this organization 
is translated to 32K x 8 by the gate array. From the output 
at the RAM, the video data is latched for time synchroni- 
zation and then turned into serial video data by the shift 
register. 



CHIP SELECT 
R/W 

AO-A2 
HS . 
VS. 
DISPLAY ENABLE ■ 
CLOCK 



MODEL 4 
TIMING 

SIGNALS 



WAIT* 

CLEAR CPU SHIFT 
register 




DATA OUT 



TIMING 
LOGIC 



RAS 
CAS 

MUX 
S/L 
DOTCLK 

STROBE 



GRAPHICS 
VIDEO 



Figure 5-65. Model 4 Graphics Controller 
Block Diagram 
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;P SELECT 
R/W 

A0-A2 





DECODE 
LOGIC 











'VIDRAMWR* 

■OPTIONSWR* 

"XOFFSETWR* 

-YOFFSETWR* 

-MA03WR* 

- VIDRAMRD* 



9** WAIT 

** CLEAR 

CPU SHIFT 
REGISTER 



GRAPHICS/ 
ALPHA* 




YCLK 



Figure 5-66. Block Diagram 
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Jj 



J" 



u 



TJ" 



U 



U 



RAS* 



MUX 



u 



"I CAS 

- XADR7 

— STR0BE1 



STROBE2 



Figure 5-67. Model 4 Graphics Timing Diagram 



PALIOL8 



# Inputs 

1 DCLK 

2J 

31 

4H 

5BDI 

6 GEN* 

7 UN* 
8BCLK 
9DJ 
11- 



# Outputs 

12 CAS* 

1 3 RAS* 
14VIDRAMWR 
15DI 

16STRB1* 
17CLK 
18STRB2* 
19XADR7 



Equations 



CAS* 


= 


(I* + H*BDI*DJ) 


RAS* 


= 


(J + /J X I)* 


VIDRAMWR 


= 


(GEN*IIN)* 


Dl 


— 


I 


STRB1* 


= 


(H*BDI* * DCLK* 


CLK 


= 


DCLK 


STRB2* 


= 


(H * BDI)* 


XADR7 


Figure 5-68 


(I * DJ 4- l**J*)* 
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One unusual feature of the system timing is the CAS* signal. 
CAS* is clocked twice for each RAS* cycle. This allows eight 
bits of data to be read from memory during each RAS* cycle. 
The only change from the first CAS* clock to the second CAS* 
is the XADR7 signal. This signal is used as a column address 
to allow double access of RAM during each RAS* cycle. 

The other signals provided by the timing logic are STROBE1 , 
STROBE2, and CLK. STROBE1 latches data from the RAM. 
STROBE2 is the shift register shift-load signal. CLK is a de- 
layed version of DCLK. 

To minimize the amount of logic on the board, the gate array 
performs the bulk of the work. During a CPU read or write op- 
eration, the gate array timing logic forces the CPU to wait until 
horizontal or vertical sync. This prevents hashing on the 
screen. The graphics board does have a mode of operation 
with no waits; however, this mode is not recommended due to 
the possibility of memory loss. During a read cycle the first 4 bits 
of data are latched, then all 8 bits are latched and placed on the 
CPU data bus. During a CPU write cycle, 4 bits are written by 
the first CAS* and the last 4 are written by the second CAS*. 

The Model 4 video logic provides the dot clock, horizontal sync, 
vertical sync, and display enable. Using these signals, the gate 
array generates X and Y video addresses. The start address for 
the X or Y counter may be changed from by loading the ap- 
propriate offset register. This allows scrolling of the picture and 
display of all of the 32 K of memory. 

The gate array also provides X and Y address counters for the 
CPU. These address counters may be loaded before each 
RAM access, or they may be programmed to automatically in- 
crement or decrement after each memory access. The outputs 
from the CPU X and Y address counters are multiplexed with 
the X and Y video address counter outputs to generate the dy- 
namic memory addresses. 

The remaining logic on the graphics board is composed of 4 de- 
vices. A 74LS245 is used to buffer CPU data into and out of the 
gate array. A 74LS367 is used to strobe RAM read data into the 
gate array. A 74LS134 is used to synchronize data from the 
RAMs. A 74LS166 transforms the parallel video data into serial 
video data which is mixed with the Model 4 CPU video. 
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6.000 +/-.002 REF 



CD 



1 

2 



J1 



C1 



U6 



□ U7 



C2 
33 Q 
34 



U1 



C3 C4 C5 C6 



U2 



TANDY CORP. © 1983 U8 U9 
MADE IN USA 



y*4 



U3 



U4 



U5 



C8 C9 C10 C11 C12 



U10 U1 1 U12 



TANDY SYSTEMS DESIGN 
"R" GRAPHIC BOARD 
PART NO. 8709397 REV. 
REF. DWG. NO. 1700239 
SILKSCREEN ARTWORK 
QC GRAPHICS 
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B 



I. C. TABLE 


u \ 


NES92 


uz 


7406 


U3 


MFaZ907 


U4 


CA3I4G 


US 


74 06 


ue 


74 OO 


U7 


7404- 


U3 


7AOO 


U9 


LM393 


U/O 


7 SAGS 


un 


N£S92 


UIE 


LM3II 


UI3 


74SG 


UI4 


7474- 


UIS 


74ZZI 


UIG> 


74/23 


U/7 


7414 


UI8 


7<*3S 


UI9 


SHUNT 


* «3 P/AJ D/P 



1 



PIN LIST 


CONN , NAME 


# OP P/AJ5 


cys£ 


J 6 


IO 


HE/1D 


J 7 


4 


POW£7? 


j a 


3d 


t / f n 


j 9 


4 


TK OO 


j 10 


6 


MOTOR CNTLJNT.FACE 


J M 


2 


\NPRT 


J /z 


<? 


INDEX 



SPARE GATES 


I. c. 


QTY. 


L/2 


/ 






U4- 


/ 


U5 


/ 


UI3 


/ 



L/1ST (JSED 


u /9 


C37 


«39 


RPI 1 


TP/3 


L 3 


CA?«2(9 


W9 



APPLICABLE PCS REV. LEVEL 



APPLICABLE ASSY. REV. LEVEL 



€>, COLORS REFER TO HARNESS WIRING. 

5. ALL DIODES ARE IN 444 6. 

4. CAPACITORS ARE IN /4f j ± lOVo. 

3. ALL 1*7. RESISTORS ARE! '/S W. 

2. /)^ RESISTORS ARE, /A/ OHMS / t/4W,£%. 



/\ ALL ODD NUMBERED PINS ARE CONNECTED TO GROUND, 



NOTES: UNLESS OTHERWISE SPECIFIED 



c 
p 



K 



M 



REVISIONS 



DESCRIPTION 



PRELIMINARY RELEASE 



PRE-PROP, K^g/^sg Pck Eo.iZ7 t . 



PRE -PROD, RELEASE. PER E.O. I2&IO 



REV PER EO /2?S-Q 



REV PER ETO /297Q 



REV PER BO /3Q4S 



RE If PER BO /32 3 8 



REV REg <=Q 132^4- 



£ev PEtL eo 13301 



EEV PER £~C> ^055~6 



INCORR EO. 4038/ 



INCORP EO, 40 2<&<3 



kno« cowtajneo m£h£ok is the p«o 

0£RT> Of TAMOOM CCTWCWATION NO POflTTKX O* 
Tv« 0*T* 9-tAU. B£ HELlASCC E*SCtO*£D U5£D O" 
<X*yjCATTD FO« us£ r« FWCTGl#*£M£*T cm UAXU- 
F«£TV^M3 WITHOUT tPtOFlC WftvTTEM TM1Tl 
"O* T*»«X3»< CO>PO«»TK>« 



UNLESS OTHERWISE SPECIFIED 




DIMENSIONS ARE IN INCHES 
TOLERANCES 
XX = ANGULAR 

xxx - ii/r 



BREAK ALL SHARP CORNERS 
APTOOX 010 



y 



FINISH: 



PROJ ENGR 



x ^£>a*****M- 



¥m 



MATL: 




B 



landan 



CORPORATION 



TITLE 



MODEL TM-50 
READ/ WR/TE BOARD 
SCHEMATIC 
DOUBLE: 5/D£D 



SIZE 

c 



CODE lOEJSfT NO 



DWG NO 

2104-41 



RFV 

M 



DO NOT SCALE DWG | SHEET J OF ^ 



I 



6.000 +/-.002 REF 



V3fl XQEQOXQ .OM T^Aq 

eesoovr .on .e>wq 



CD 




TANDY SYSTEMS DESIGN 
"R" GRAPHIC BOARD 
PART NO. 8709397 REV. 
REF. DWG. NO. 1700239 
SOLDER SIDE ARTWORK 
QC GRAPHICS 



i 



6.000 +/-.002 REF 



CO 
00 




TANDY SYSTEMS DESIGN 
"R" GRAPHIC BOARD 
PART NO. 8709397 REV. 
REF. DWG. NO. 1700239 
COMPONENT SIDE ARTWORK 
QC GRAPHICS 



SECTION VI 



EXPLODED VIEWS/PARTS LIST 
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EXPLODED VIEW/PARTS LISTS 



Contained in this section are exploded views and correspond- 
ing parts lists for the major assemblies of the Model 4P Portable 
Computer. These exploded views are divided into four major 
assemblies: 

Case Assembly 
Main Chassis Assembly 
Disk Drive Assembly 
Keyboard Assembly 
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Case Assembly 
Model 4P Computer 
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Parts List, Case Assembly 
Model 4P Computer Assembly 



Item Qty Description Part Number 

1 1 Case Housing 8719346 

2 1 Cover, Front 8719348 

3 2 Clawbolt 8569190 

4 2 Latch Guard 8719406 

5 1 Keyboard Stop, Cover 8779186 

6 1 Pocket, Inside 8719348 

7 1 Handle, Case 

8 2 Rivet, Blind 8579049 

9 1 Power Cord 8709475 

10 2 Clip, Cord 

11 4 Screw, 8-32 x 1/2" Truss Head 8569203 

12 2 Screw, #10-32 x 1/2" PPH 8569202 

13 1 Label, Handle 

14 1 Door, Rear Panel 8719349 

15 1 Retainer, Door 8729252 

16 5 Fastener, Springrip 

17 2 Rivet, Blind 
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Parts List, Chassis Assembly 
Model 4P Computer Assembly 



Item Qty Description 



Part Number 



1 1 Chassis Weldment 8859028 

2 1 Connector, Power Cord 8519013 

3 1 Fan, 12 VDC 8790406 

4 1 Bracket, Switch Mount 8719363 

5 1 Potentiometer, 500 ohm Contrast 8261150 

6 1 Potentiometer, 500 kohm Brightness 8262450 

7 1 Power Switch, 125V 8489073 

8 1 Reset Switch 8489071 

9 1 CRT/Sweep PCB Assembly, B/W 8790612 

CRT/Sweep PCB Assembly, Green 8790613 

10 1 Insulator, Sweep PCB 8539050 

11 8 Clip, Standoff 8589084 

12 1 Mount, Power Supply 8729246 

13 1 Insulator, Power Supply 8539049 

14 1 Power Supply PCB Assembly 8790049 

15 1 Cover, Back 8729243 

16 1 Support, Handle 8729242 

17 1 Bezel 8719341 

18 2 Clawbolt Top 8569190 

19 2 Stiffener, Bezel Case 8729280 

20 2 Knob, Potentiometer 8719362 

21 1 Logo, Model 4P 8719367 

22 1 Main PCB Assembly 

23 1 Pan Assembly, PCB Support 8729245 

24 1 Cover Plate (Blank) 8729253 

25 1 Cover Plate (I/O Port) 8729287 

26 1 Label, FCC Part 15 Class A 

27 1 Label, FCC Part 15 Class B 



50 22 Screw, #6 x 1/4" Rolok 8569128 

51 4 Screw, #8-32 x 1/2" Washer Hd 8569203 

52 4 Washer, #8 Internal Lock 

53 4 Screw, #8-32 x 3/8 PH 8569205 

54 6 Screw, #8 Hex Washer Head Thd Form 8569203 

55 2 Screw, #4-40 x 3/4" PH Chrome 8569221 

56 2 Nut, #4-40 Lock 8579048 
57* 2 Screw, #10-32 x 1/2" PPH 8569202 

58 8 Screw, #6-32 x 3/8" PPH 8569108 

59 20 Screw, #6 x 1/4" Hex Hd Torque Brk 

60 2 Screw, #10 x 1/2" Hex Hd Thd Form 

61 2 Screw, #4-40 x 1/4 PPH Mach 



*Noted on Case Assembly also 
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Disk Drive Assembly 
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Parts List f Disk Drive Assembly 
Model 4P Computer Assembly 



Item Qty Description 



Part Number 



1 1 Weldment f Support 8859029 

2 2 Disk Drive, Tandon TM 50-1 8790121 

3 1 Cable Assembly, FDC 870945_ 

4 1 Cable Assembly, DC Harness 8709456 

5 2 Handle, Disk Drive 8719353 

6 7 Screw, 6 x 1/4" Rolok 8569128 

7 6 Screw, 6-32 x 1/4" PPH Mach CSRS 
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Keyboard Assembly 
Model 4P Microcomputer 



208 



Parts List f Keyboard Assembly 
Model 4P Computer Assembly 



Item Qty Description 



1 1 Bottom, Keyboard Case 

2 1 Keyboard Assembly 

3 1 Top f Keyboard Case 

4 1 Cable Assembly, Keyboard 

5 4 Spring, Keyboard Support 

6 2 Support, Keyboard 

7 1 Cable Tie 

8 1 Nameplate, Keyboard 

9 8 Screw, #6 x 1/2" Thd Forming 



Part Number 



8719342 
8790530 
8719343 
8719460 
8719014 
8719336 
8559027 
8719367 
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SECTION 1 
GENERAL DESCRIPTION 



INTRODUCTION 

This document provides required information in order to evaluate 
and incorporate Tandon's disk drive into a system. 

Tandon Corporation's Model Number TM50-1 and TM50-2, 5-1/4-inch 
flexible drives are compact, low profile drives that may be installed 
in only one-half the space normally required. They are compact data 
storage devices that use an ANSI-compatible , industry standard, 5-1/4- 
inch diskette. 

Model Number TM50-1 and TM50-2 drives each 48 tracks per inch. The 
TM50-2 is a double-sided recording device. 

Both drives are capable of reading and writing in single-density 
format on a diskette, using a proprietry read/write head patented by 
Tandon. The drives have a double density capability when a Modified 
Frequency Modulated (MFM) or other appropriate recording technique is 
used. Encoding and decoding of the data is done by the 



1.1 SCOPE OF THE DOCUMENT 

This document contains the major features, physical and functional 
specifications, mounting and power requirements, the interface, and 
typical timing characteristics of the TM50-1 and TM50-2 drives. 

In addition, there is a theory of operation, checks and adjustment 
procedures, replacement procedures, assembly drawings, and schematics. 



1 . 2 PURPOSE OF THE DRIVE 

The TM50-1 and TM50-2 drives are rotating disk memories designed for 
random access data entry, storage, and retrieval applications. 
Typical applications include intelligent terminal controllers, 
microcomputers, word processing systems, data communication systems, 
error logging, program loading, and point-of-sale terminals. 



1.3 MAJOR FEATURES 

Write Protect 

When a write protected diskette is inserted into the drive, the write 
electronics are disabled. 
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Daisy Chain Capability 

The drive provides the address selection and gating functions 
necessary to daisy chain a maximum of four units at the user's option. 1 
The last drive of the daisy chain terminates the interface. The 
terminations are accomplished by a resistor array plugged into a DIP 
socket . 

Internal Trim Erase 

The drive provides the control signals necessary for proper trim 
erasure of data. 

Industry Standard Interface Compatibility 

The drive is compatible with controllers that use an industry standard 
interface . 

Track Sensor 

The Track sensor is provided to generate a logic level at the drive 
interface, indicating that the read/write head is positioned at the 
outermost track. 

Index Sensor 

An index sensor is provided to generate electrical pulses at the drive 
interface coincident with sensing Index/Sector holes on the diskette. 

Activity Indicator 

An activity indicator, located on the front panel, is automatically 
illuminated when the drive is selected. 

Compact Size 

The reduced height of the drive enables it to occupy only one-half the 
mounting space required for a conventional drive. 



1 . 4 FUNCTIONAL DESCRIPTION 

The drives are fully self-contained, and require no operator interven- 
tion during normal operation. Each drive consists of a spindle drive 
system, a head positioning system, and a read/write system. 
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When the front latch is opened, access is provided for insertion of 

a diskette. The diskette is held in place by plastic guide rails. 

Its location is ensured when the diskette is inserted until a back 
stop is encountered and the ejection mechanism latches. 

Closing the front latch activates the cone clamping mechanism, 

resulting in accurate centering and clamping of the diskette. The 

drive hub is held at a constant speed of 300 RPM by a servo-controlled 

D. C. motor. The head(s) remain in contact with the recording media 
until the front latch is opened. 

The heads are positioned over the desired track by means of a four- 
phase stepper motor/band assembly and its associated electronics. 
This positioner uses a one-step rotation to cause a one track linear 
movement . 

Data recovery electronics include a low-level read amplifier, 
differentiator, zero crossover detector, and digitizing circuits. No 
data decoding capabilities are provided. 

The drive has the following sensors: 

1. A Track sensor detects when the head/carriage assembly is 
positioned at Track 0. 

2. An index sensor is positioned to generate a digital signal 
when an index hole on the diskette is detected. The index 
sensor distinguishes index and sector holes in a hard- 
sectored diskette . 

3. A write protect sensor disables the write electronics when 
a write protect tab is applied to the diskette. 

4. A motor control switch. 

1.5 PHYSICAL DESCRIPTION 

A representative drive is shown in Figure 1-1. The drive can be 

mounted in a vertical or horizontal plane. However, the logic circuit 

board must be on the uppermost side when the drive is mounted 
horizontally . 

The spindle is belt driven by a D. C. motor with an integral 
tachometer. The servo control circuit and tachometer control the 
speed of the spindle. 

The read/write head assembly is positioned by a split band positioner 

mounted to a stepper motor. The read/write heads are glass-bonded, 

f errite/ceramic structures with a life expectancy of 20,000 operating 
hours . 

Operator access for diskette loading is provided via a horizontal slot 
located at the front of the drive. 

The electronic components of the drive are mounted on two printed 
circuit boards. The logic circuit board is mounted above the chassis. 
The motorcontrol circuit board is mounted on the bottom of the 
chassis. Power and interface signals are routed through connectors 
plugging directly into the logic circuit board. 
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SECTION 2 
PRODUCT SPECIFICATIONS 



INTRODUCTION 



This section contains the mechanical, electrical and operational, 
reliability, and environmental specifications for the TM50-1 and 
TM50-2 drives. 



2.1 



2.2 



2.3 



2.4 



MECHANICAL SPECIFICATIONS 

The physical dimensions of the drive are located in 
Figure 2 - 1 . 



ELECTRICAL AND OPERATIONAL SPECIFICATIONS 

The electrical and operational specifications are located 
in Table 2-1. 



RELIABILITY SPECIFICATIONS 

The reliability specifications are located in Table 2-2, 



ENVIRONMENTAL SPECIFICATIONS 

The environmental specifications are located in Table 2-3, 
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NOTES: 1 . DIMENSIONS ARE GIVEN IN INCHES. METRIC EQUIVALENTS ARE IN PARENTHESES. 

2. TOLERANCE ON ALL DIMENSIONS IS ±0.020 INCH, UNLESS OTHERWISE SPECIFIED. 

3. WEIGHT IS APPROXIMATELY 3 POUNDS. 



DISK DRIVE OUTLINE DRAWING 
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TABLE 2-1 
ELECTRICAL AND OPERATIONAL SPECIFICATIONS 



Media 

Media Life (for reference only) 
Tracks Per Inch 
Tracks Per Drive 

TM50-1 

TM50-2 
Track Spacing 

Head Life 

Disk Rotational Speed 

Average Rotational Latency 

Instantaneous Speed Variation (ISV) 

Motor Start Time 

Seek Time, track to track 

Fast Step Motor (Optional) 
Head Settling Time 

Fast Step Motor (Optional) 

Average Track Access Time, 
including head settling time 

Fast Step Motor (Optional) 

Typical Recording Modes 

Data Transfer Rate 



ANSI -compatible , 
5-1/4-inch diskette 

4 X 10 passes per track 

48 TPI, both drives 

40 Tracks 

80 Tracks 

0.529 millimeters, 
20.8 milinches 

20,000 media contact hours 

300 RPM +1.5 percent 

100 milliseconds 

+ 3 percent 

One second, maximum 

20 milliseconds 

6 milliseconds 

20 milliseconds 

15 milliseconds 

287 milliseconds 

95 milliseconds 

FM, MFM, MMFM 

250,000 bits per second 
double density 
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TABLE 2-1 (CONTINUED) 
ELECTRICAL AND OPERATIONAL SPECIFICATIONS 



Flux Reversals Per Inch ( FRPI ) , 
inside track 

Both models, Side 

TM50-2, Side 1 

Unformatted Recording Capacity 
TM50-1 
TM50-2 



D. C. Voltage and 
Current Requirements 

+5 volts D. C. Power 



+12 volts D. C. Power 



Shipment 



5,535 FRPI 
5,877 FRPI 



250 kilobytes per disk 
500 kilobytes per disk 



+5 volts + 0.25 volt at 800 
milliamperes , maximum, with 
less than 100 millivolts 
peak-to-peak ripple . 

+12 volts + 0.6 volt, 1.3 
amperes, maximum, surge for 
50 milliseconds, 800 
milliamperes average. 

When prepared for shipment by 
Tandon, the drive meets the 
requirements of NSTA preship- 
ment test procedure 
Project 1A. 



TABLE 2-2 
RELIABILITY SPECIFICATIONS 



Error Rates, exclusive of 
external sources, e. g.: 
electronics, defective and 
contaminated diskettes 

Soft Errors (Recoverable) 

Hard Errors ( Nonrecoverable 

Seek Errors 

Mean Time Between Failures 

Mean Time To Repair 



One in 10 bits 

One in 10 12 bits 

One in 10 seeks 

8,000 hours, 

25 percent duty cycle 

30 minutes 
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TABLE 2-3 
ENVIRONMENTAL SPECIFICATIONS 



Temperature 

Operating, media dependent 
Nonoperating 

Relative Humidity 

Operating, noncondensing, 
media dependent 

Nonoperating, noncondensing 

Altitude 

Operating or Nonoperating 



10°C to 46°C, 50°F to 115°F 
~40°C to 71°C, -40°F to 160°F 



20-to-80 percent 
5-to-95 percent 



152.4 meters, 500 feet, below sea level, 
to 15,240 meters, 50,000 feet, above 
sea level 
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SECTION 3 
OPERATION 



INTRODUCTION 

This section contains information on how to unpack, check out, in- 
stall, and operate the TM50-1 and TM5U-2 drives. 

3.1 UNPACKING THE DRIVE 

The drives are shipped in protective containers to minimize the 
possibility of damage during shipment. The following list is the 
recommended procedure for unpacking the drive. 

1. Place the container on a flat work surface, top side up. 

2. Cut the tape that holds the tab in the slot on the front side 
of the container. 

CAUTION 

Container may spring open when the tape is cut. 

3. Remove the drive from its plastic bag. 

4. Inspect the drive for possible damage. 

5. Notify the carrier immediately if any damage is found. 

6. Save the shipping container for future use. 



3.2 PREINSTALLATIQN CHECKOUT 

Before applying power to the drive, the following inspection should 
be conducted: 



1. Check to ensure the front latch rotates easily. It 

should remain in the open position when rotated fully 
counterclockwise (horizontal to front panel). 



NOTE 

When the latch is moved to an open position, 
the head arm raises. 



2. Remove the cardboard shipping insert, and retain for 
future shipment. 

3. Ensure the front panel is secure. 
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4. Ensure the drive belt is in place. 

5. Manually rotate the drive hub. It should rotate freely. 

6. Ensure both circuit boards are secure. 

7. Ensure the connectors are firmly seated. 

3. 3 MOUNTING THE DRIVE 

The drive has been designed to be mounted horizontally or vertically. 
When mounted horizontally , the logic circuit board side of the drive 
must be the top side. 

Tapped mounting holes are provided on each side and the bottom of the 
drive for attachment to user-supplied mounting brackets (Figure 2-1). 
When installed in either plane, horizontal or vertical, only two 
mounting screws are required to securely hold the drive in place. 

Two drives may be mounted in a single, full-size drive enclosure, 
3.25-inches high. A two-hole mounting scheme per drive is recommended 
for mounting in a two drive configuration. 

Any mounting scheme in which the drive is part of the structural 
integrity of the enclosure is not permitted. Mounting schemes should 
allow for adjustable brackets or incorporate resilient members to 
accommodate tolerances. In addition, it is recommended that mounting 
schemes include no more than two mounting surfaces. 

The drive is manufactured and tested with some critical internal 
alignments that must be maintained. Hence, it is important that 
mounting hardware not introduce significant stress on the chassis. 

Dust Cover 

The design of an enclosure should incorporate a means to prevent 
contamination from loose items, e. g., dust, lint, and paper chad 
since the drive does not have a dust cover. 

Cooling 

Heat dissipation from a single drive is normally 15 watts, 51 BTU per 

hour, under high load conditions. When the drive is mounted so the 

components have access to a free flow of air, normal convection 

cooling allows operation within the specified temperature range. 

When forced air is used, air flow must be directed outward from the 
drive. Do not intake air through the drive or s eads and diskettes. 

The use of forced air flow is recommended when two drives are mounted 
within a single enclosure. 
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INTERFACE CONNECTIONS 



Interface con 
a user-suppl 
Number 3463- 
Number 1-583 
connector ma 
rear of the 
located at 
the connecto 
section. In 
connector pin 



nections for the T 
ied, thirty-four pi 
0001 or AMP Part 
616-1 for twisted 
tes directly with 
drive. The D. C. 
the rear of the driv 
rs, and the location 
terface lines are 
assignments are loca 



M50-1 and TM50-2 drives are made via 

n, flat ribbon connector, 3M Part 

Number 583717-5, using contact Part 

pair or its equivalent. This 

the circuit board connector at the 

power connector has four pins and is 

e. The interface description of 

of each one, is contained in this 

located in Table 3-1. D. C. power 
ted in Table 3-2. 



The signal wire harness should be of the flat ribbon or twisted pair 
type, 26-to-28 gauge conductor, compatible with the connector to be 
used. The recommended cable length is ten feet maximum. 







TABLE 3-1 


DRIVE INTERFACE 


LINES AND PIN ASSIGNMENTS 




Input 


Control Lines: 




Controller-To-Disk Drive 


Ground 


Pin 


Signal 


1 


2 


Connector Clamp 


3 


4 


Spare 


5 


6 


Drive Select 3 


9 


10 


Drive Select 


11 


12 


Drive Select 1 


13 


14 


Drive Select 2 


15 


16 


Motor On 


17 


18 


Direction Select 


19 


20 


Step 


21 


22 


Composite Write Data 


23 


24 


Write Enable 


31 


32 


Side Select 




Output Control Lines: 




Disk Drive-To-Controller 


Ground 


Pin 


Signal 


7 


8 


Index/Sector 


25 


26 


Track 


27 


28 


Write Protect 


29 


30 


Composite Read Data 


33 


34 


Connector Clamp 



3-3 



Input Control Lines 

Drive Select Lines 

The Drive Select lines provide a means of selecting and deselecting a 
drive. These four lines select one of the four drives attached to the 
controller. 

When the signal logic level is true (low), the drive electronics are 
activated, and the drive is conditioned to respond to Step or Read/ 
Write commands. A Drive Select line must remain stable in the true 
(low) state until a Step or Read/Write command is completed. When 
the signal line logic level is false (high), the input control lines 
and output status lines are disabled. 

The drive address is determined by a select shunt on the logic circuit 
board. Drive Select lines through 3 provide a means of daisy 
chaining a maximum of four drives to a controller. Only one can be 
true (low) at a time. An undefined operation results if two or 
more drives are assigned the same address or if two or more Drive 
Select lines are in the true (low) state simultaneously. 

Motor On 

When this signal is true (low), the drive motor accelerates to its 

nominal speed of 300 RPM, and stabilizes at this speed in less than 

one second. When the signal line logic level goes false (high), the 

drive decelerates to a stop. This signal is not gated with 
Drive Select. 

Direction Select and Step Lines (Two Lines) 

When the drive is selected, a true (low) pulse on the Step line, 
with a time duration greater than 200 nanoseconds, initiates the 
access motion. The direction of motion is determined by the logic 
state of the Direction Select line when a step pulse is issued. 
The motion is toward the center of the disk if the Direction Select 
line is in the true (low) state. The direction of motion is away from 
the center of the disk if the Direction Select line is in the false 
(high) state. 

To ensure proper positioning, the Direction Select line should be 
stable at least 100 nanoseconds prior to issuing a corresponding step 
pulse, and remain true (low) 100 nanoseconds after it. 

The access motion is initiated on the trailing edge of the step pulse. 
The time period between consecutive trailing edges of step pulses 
should be at least 20 milliseconds. 
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The drive electronics ignore step pulses when one of three 
conditions exists : 

1. The write enable is true (low). 

2. The direction select is false (high), and the head is 
positioned at Track 0. 

3. The drive is not selected. 



Composite Write Data 

When the drive is selected, this interface line provides the bit 
serial composite write data pulses that control the switching of the 
write current in the selected head. The write electronics must be 
conditioned for writing by the Write Enable line. 

For each high-to-low transition on the Composite Write Data line, a 
flux change is produced at the write head gap. This causes a flux 
change to be recorded on the media. 

When a single-density (FM) type encoding technique is used in which 
data and clock form the combined Write Data signal, it is recommended 
that the repetition of the high-to-low transitions, while writing all 
zeros, be equal to one-half percent, and the repetition of the high- 
to-low transitions, when writing all ones, be equal to the maximum 
data rate, 250 kilohertz + 0.1 percent. 

Host controllers may implement write precompensat ion circuits that 
recognize worst case patterns and adjust the write data waveform. 
Although a value cannot be specified for write precompensat ion , Tandon 
suggests a value of 250 nanoseconds for systems using MFM double 
density recording format. 

Write Enable 

When this signal is true (low), the write electronics are prepared for 
writing data and the read electronics are disabled. This signal turns 
on write current in the selected read/write head. Data is written 
under the control of the Composite Write Data and Side Select input 
lines. When the Write Enable line is false (high), all write 
electronics are disabled. 

When a write protected diskette is installed in a drive, the write 
electronics are disabled, irrespective of the state of the Write 
Enable or Side Select lines. 



Side Select, TM50-2 

The Side Select interface line defines which side of a two-sided 
diskette is used for information transfer. 
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A false (high) level on this line selects the read/write head on side 
zero, the lower head, of the drive. A true (low) level on this line 
selects the read/write head on side one, the upper head, of 
the drive. 



Output Control Lines 

Index/Sector 

The index/sector signal is a composite of the index pulse and 
sector signals. 

An index pulse is provided once every revolution, 200 milliseconds 
nominal, to indicate the beginning of a track to the controller. The 
leading edge of this signal must always be used to ensure timing 
accuracy. The index/sector line remains in the true (low) state for 
the duration of the index pulse, which is nominally four milliseconds. 

The sector signal portion appears only when using hard 
sectored diskettes. 



Track 

When the drive is selected, the Track interface signal, when true 
(low), indicates to the controller that the read/write head ( s ) are 
positioned at Track 0. This signal remains true (low) until the 
heads are moved from Track 0. 



Write Protect 

When the Write Protect line goes true (low), the diskette is write 
protected and the write electronics are disabled. It is recommended 
the controller not issue a Write command when the Write Protect signal 
is true ( low ) . 

When the Write Protect line is false (high), the write electronics 
are enabled. 

Composite Read Data 

This interface line transmits the readback data to the controller when 
the drive is selected. It provides a pulse for each flux transition 
detected from the diskette. The Composite Read Data output line goes 
true (low) for a duration of 1 + 0.25 microseconds for each flux 
change detected from the diskette. 

The leading edge of the Composite Read Data output pulse represents 
the true position of the flux transitions on the diskette's surface. 
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Typical Interface Characteristics 

Lines between the controller and the drive have the following 
characteristics: 



V 



out True = + 0.4 volt maximum at I Qut = 48 milliamperes , 

maximum 



V . False = +2.4 volts minimum open collector at I out 
= 250 microamperes, maximum 

Figure 3-1 contains the characteristics of the electrical interface, 
Figure 3-2 contains the control and data timing requirements. 



+ TRUE 



i>oX- 



X" 
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7438 OR 
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DRIVER 



TRANSMISSION 
LINE ^10 FEET 



+5 VOLTS 



150 OHMS 

74LS04 OR 
EQUIVALENT 

c£> +TRUE 



T. 



RECEIVER 



FIGURE 3-1 
ELECTRICAL INTERFACE CHARACTERISTICS 
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D. C. POWER 



D. C. power is supplied to this drive via a four-pin AMP connector, 
J7, connected to the rear of the drive. The mating connector, not 
supplied, is AMP Part Number 1-480424-0, using AMP contact Part Number 
606191-1. Pin assignments are found in Table 3-2. 



The chassis should 
proper operation. 



be 



connected to earth ground to ensure 
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TABLE 3-2 


D. C. POWER CONNECTOR PIN 


ASSIGNMENTS 


Pin 


Supply Voltage 


1 


+ 12 volts D. C. 


2 


12 volts return 


3 


5 volts return 


4 


+5 volts D. C. 


Pin 


Signal 


Ground lug 




3/16-inch 




quick 




disconnect 


Chassis ground from 




controller 
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DRIVE ADDRESS AND OPTION PATCHING 



The drive address and option patching is determined by the 
programmable shunt, located at U19 on the logic circuit board. The 
DSO through DS3 jumpers determine the drive address. The MX jumper is 
used only in single drive systems. Drive address and option patching 
jumpers are located in Figure 3-3. 

The program shunt is AMP Part Number 435704-7. The shunt positions 
can be cut using AMP ' s tool, Part Number 435705. The shunt is in- 
stalled in a DIP socket. At the user's option, it can be removed and 
replaced by a DIP switch. 

DSO Through DS3 Jumpers 

When daisy chaining two or more drives to a controller the Drive 
Select ( DS ) jumpers patch the drive select control signal to enable 
the logic of the proper drive. Normally, all the shunt jumpers would 
be cut, except for the DS jumper that addresses each individual drive 
in the daisy chain. The terminator pack, 2F, located on the 
logic circuit board should be installed in the last drive of the 
daisy chain. 



MX Jumper 

The Multiplex 
when the user 
If the drive is 
is not cut, 
L. E. D. is not 
drive system. 



(MX) jumper 
requires the 

not selected 
the drive 
on. The 



is used only in single drive systems 
drive logics to be enabled at all times, 
through the DS jumper, and the MX jumper 
logics are enabled but the front panel 
MX jumper must be cut in a multiple 
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FIGURE 3-2 
CONTROL AND DATA TIMING REQUIREMENTS 
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FIGURE 3-3 
LOGIC BOARD WITH PROGRAMMABLE SHUNTS AND OPTION PATCHING LOCATIONS 
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Motor Select Jumper 

The Motor Select jumper, MTR SEL, should be connected when the spindle 
motor is to be turned on using Drive Select or Motor On Control 
lines . 

NOTE 



The following jumpers are located on the read/write 
control board. 



X = Connected 

- = Not Connected 



Write Protect (Wl) 

The standard write protect feature is Wl removed. Write protect 
control is inhibited with Wl installed. 

Wl Write Protect 

Write Protect control, in response to a write 
protected diskette, inhibits Write Gate, thus 
disallowing the flow of write data to the 
read/write heads. 

X Write Protect Control is inhibited. 

Head Type (W2, W3) 

This option selects the type of head used. 

W2 W3 Head Type 

- X Tunnel erase. 

X - Straddle erase (optional). 

W4 Through W8 

W4 through W8 are not used. 

Side Select (W9) 



For use in double-sided drives. 

W9 Side Select 

For use in single-sided drives, TM5U-1. 
X For use in double-sided drives, TM50-2. 

NOTE 

The following jumper is located on the motor control board, 
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Motor On (Wl) 

The standard operation has a Motor On signal controlling the drive 
motor. The drive motor can be controlled by Drive Select when Wl 
is installed. 



Wl 



Motor Is Controlled by 

Motor On J8-16. 

Motor On or Drive Selected. 
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DISKETTES 



The TM50-1 and TM5U-2 drives use an ANSI-compatible 5-1/4-inch 
diskette. Diskettes are available with a single index hole or 
with multiple (index and sector) holes. 

Diskettes with a single hole are used when soft sector format 
is required. Multiple hole diskettes provide sector information 
through the use of an index sensor and electronics. 

Figure 3-4 contains the diskette used with the drive. This recording 
media is a flexible diskette enclosed in a protective jacket. The 
protected diskette, free to rotate within the jacket, is continuously 
cleaned by its soft fabric lining during normal operation. 

Loading The Diskette 

The drive is loaded by insertiny the diskette, head aperture 
forward, into the front slot of the drive. Access to the diskette 
loading slot is obtained by opening the front latch. 

The diskette should be carefully inserted until it is solidly against 
the back stop. 
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FIGURE 3-4 



RECORDING MEDIA 
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CAUTION 



Damage to the center of the diskette may result if the 
is closed when the diskette is not properly inserted. 
This prevents reliable recovery of recorded data. 



door 



Write Protect Tab 

The drive is equipped with a write protect sensor assembly. This 
sensor operates in conjunction with a diskette that has a slot cut in 
the protective jacket. 

When the slot is covered with an optically opaque , self-adhesive 
tab, the diskette is write protected. The tab must be removed to 
write on the diskette. Figure 3-5 contains information on how to 
install a tab to cover the slot. 



Diskette Handling and Storage 

It is important the diskette be handled and stored correctly so the 
integrity of the recorded data is maintained. A -damaged or contamina- 
ted diskette can impair or prevent recovery of data, and can result 
in damage to the read/write heads. 

Figure 3-5 contains an illustration of the physical configuration of 
the diskette. The 5.125-inch diskette is oxide-coated, flexible 
mylar. It is enclosed in a 5-1/4-inch square protective jacket. 
In addition, openings for the drive hub and diskette index 
hole are provided. 





WRITE PROTECT TAB 
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FIGURE 3-5 
WRITE PROTECT TAB 
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Figure 3-6 provides some helpful hints on the care and handling of 
the drive .and diskettes. In addition, to ensure trouble-free 
operation and to enhance the service life of the diskette, the follow- 
ing handling procedures should be observed. 







DO NOT WRITE ON THE 
JACKET WITH PEN OR 
PENCIL. USE A FELT 
TIPPED PEN. 



DO NOT TOUCH PRECI- 
SION SURFACE WITH 
YOUR FINGERS. 



TO AVOID DAMAGE TO 
THE DISKETTE AND TO 
YOUR DRIVE, INSERT 
DISKETTE CAREFULLY 
UNTIL THE BACKSTOP 
IS ENCOUNTERED. 



RETURN THE DISKETTE 
TO ITS JACKET WHEN 
NOT IN USE. 






KEEP THE DISKETTE 
AWAY FROM MAG- 
NETIC FIELDS. 



DISKETTES SHOULD 

BE STORED AT 

10°C to52°C 
50°Fto125°F 



HANDLE WITH CARE; 
BENDING AND FOLD- 
ING MAY DAMAGE 
DISKETTE. 



FIGURE 3-6 
DISKETTE CARE AND HANDLING 



1. Return the diskette to the protective jacket when not in use. 

2. Avoid exposing the diskette to any magnetizing force in 
excess of 50 oersted. 



Note 

The 50-oersted level magnetizing force is reach°d at a 
distance of approximately three inches from a typical source, 
e. g., motors, generators, or transformers. 



To avoid warping, do not store the diskette in 
direct sunlight. 

Do not use a lead pencil or a ballpoint pen to write on the 
label. Use a felt tipped pen, and mark lightly on the label, 
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SECTION 4 
THEORY OF OPERATION 



INTRODUCTION 

This section contains a description on the theory of operation of the 
drive. The discussion begins with a general summary of magnetic data 
recording, followed by a description of each major function of the 
drive. 

Circuit block diagrams and schematics are located in the appendices. 
They are useful to show the interconnections between the electronic 
circuits and the mechanical components. 



4.1 DATA RECORDING 



Digital information is represented by a sequence of bits: either 
or 1 . Small areas of the medium in which such binary information is 
stored, for example the iron oxide coating of a magnetic disk, must 
be put in one state or the other to represent the data. 

Recording of data on a magnetic medium is based on the principles 
of electromagnetics. When current flows in a coil of wire it produces 
a magnetic field. The field is confined in a core of magnetic 
material around which the wire is wound. A narrow slot, called the 
air gap, is placed in the core located closest to the media. It 
is the magnetic field in the vicinity of the air gap that magnetizes 
the magnetic medium (Figure 4-1). When the current is reversed, the 
polarity of magnetization is reversed. 

Information can be recorded on the diskette by using a double- 
frequency code. The magnetization profiles in each bit cell for the 
number sequence shown for FM recording are shown in Figure 4-2. 



When data is read, the same head that writes the 
data stored is a digital bit representing a or 1 . 
the first flux reversal represents a clock bit. 
represents a stored bit 1. The absence pf 
represents a bit 0. 



data is used. The 
In each bit cell, 
A second reversal 

a second reversal 
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FIGURE 4-1 
ELECTROMAGNETIC CORE 
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FIGURE 4-2 
FM RECORDING MAGNETIZATION PROFILES 



As the disk spins, the magnetic fields of the stored data pass 
successively under the head. The changing fields induce, in the head, 
an A. C. voltage signal which is then amplified and filtered, 
differentiated, and digitized (Figure 4-3). 

The comparator and the digitizer circuitry generate a one microsecond 
Read Data pulse, corresponding to each peak of the Read signal. Then, 
the composite read data signal is sent to the user system via the Read 
Data interface line. 
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FIGURE 4-3 
READ TIMING DIAGRAM 
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FIGURE 4-4 
INTERCONNECT BLOCK DIAGRAM 
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4.2 COMPONENTS OF THE DRIVE 

The drive contains the electrical and mechanical components required 
to perform four major functions: 

1. Generate and interpret control signals. 

2. Position the read/write head ( s ) to the desired track. 

3. Write and read data. 

4. Control the spindle. 

The electrical and mechanical components of the drive are connected 
together via multiple pin connectors. This allows the individual 
assemblies to be removed (Figure 4-4). 

4.3 GENERATE AND INTERPRET CONTROL SIGNALS 

The components of the drive required to generate and interpret the 
control signal are: 

1. Index Sensor 

2. Write Protect Switch 

3. Track Sensor 

4. Drive Select 

Index Sensor 

The Index signal is derived from an infrared L. E. D. and photo- 
transistor detector. When the index/sector hole in the diskette 
passes through the index sensor, the light from the L. E. D. is 
allowed to turn on the index detector, producing a positive pulse on 
J12, Pin 4 (Figure 4-5) . 

This signal is shaped by an input buffer, U9, and supplied to inverter 
IC U17. Then it is gated with Drive Select for an output control 
signal at the interface J8, Pin 8. 



4-4 



TEST POINT 7- 



u 



MILUSCCONOS AVCBAQC 



-200 MILUSCCONOS- 



FIGURE 4-5 
SOFT SECTORED INDEX PULSE 



Write Protect Switch 



The Write 
integrated 
signal on 
the Write 



Protect signal is derived from a mechanical switch 
into the drive, the switch is deactivated, causing a high 
Jll, Pin 5. Then, it is buffered and inverted to disable 
Enable signal. It is also gated with drive select, 



producing an output signal on the interface, 



Track Sensor 

The Track sensor signal is derived from an infrared L. E. D. and 
phototransistor internal to the drive. As the head carriage moves 
back toward Track 0, the sensor is activated between Tracks and 2. 

This low active signal comes in via J9, Pin 4. It is inverted by 
IC U9. The combination of the Track sensor being activated and the 
proper stepper motor phase (Phase 0) produces a low output at IC U8, 
Pin 6 (Test Point 10). This signal is buffered through IC U17, Pins 9 
and 8, to be gated with drive select at IC U18, Pins 9 and 
a Track output to Pin 26 of the interface. After IC 
this signal is gated with direction (IC U7, Pin 12) at IC 
and 13. 



10, to give 
U17, Pin 8, 
U6, Pins 12 



IC U6, Pin 11, when true low inhibits stepping to Track minus 1. 
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FIGURE 4-6 
TRACK TIMING 



Drive Select 

The Drive Select signal is derived from the host controller through 
the interface connector. 

R39 holds the output of the appropriate select line high until the 
line is driven low. The signal is buffered through IC U17, which 
enables the drive's electronics. 

The front panel L. E. D. , physically located on the drive motor's, 
servo circuit board, is driven by the select logic through IC U17, 
Pins 5 and 6, and IC U7, Pins 11 and 10, to provide the NSEL signal 
at J10, Pin 5, to the servo circuit board on J4, Pin 5. This signal 
is buffered and inverted to activate the front panel L. E. D. 

If the drive is not selected through the select jumpers and the MX 
jumper is not cut, U19, Pins 6 to 11, the drive electronics are active 
but the front panel L. E. D. is not on. 
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4.4 READ/WRITE HEAD POSITIONER 

The components of the drive required to position the read/write 
head(s) at the desired track are: 

1. Step and direction circuits 

2. Stepper motor control circuits 

3. Stepper motor 

Step and Direction 

The Step and Direction signals are derived from the host controller 
via interface connector J8, Pin 20, and J8, Pin 18, respectively. 

The direction line is buffered and inverted on the control and 
read/write circuit board and sent to the motor control circuit board 
via J10, Pin 1. On the motor control circuit board, it is used as the 
D input of IC U6, Pin 12, the direction flip-flop; 

The step pulses are buffered by IC U17, Pins 1 and 2, and gated 
with Drive Select at IC U8, Pins 9 and 10. IC U8, Pin 8, is inverted 
by IC U7, Pins 1 and 2. Test Point 11 can be used to monitor the step 
input, which is output at J10, Pin 3, to the motor control circuit 
board. 

On the motor control circuit board, the step pulses are used to clock 
the direction flip flop IC U6 at Pin 11 and the step one shot flip 
flop (time is two microseconds) at IC U8, Pin 10. 

Generation of controlling signals for correct stepping phases is 

accomplished via IC U7. The direction flip flop controls the up or 

down counting of the step pulses (two pulses per track) used by IC 
U7. 

IC U8, Pin 12, when clocked by a step pulse will clock IC U7 at Pin 
14, thus Pin 3 of IC U7 will trigger a 10-mi 11 isecond one shot at IC 
U8, Pin 2, which retriggers the two microsecond step flip flop IC U8, 
Pin 9. IC U7 is clocked again to complete a single phase rotation of 
the stepper motor through logic driver IC's Ul and U2. 

NOTES 

THE TIMES IN THE ABOVE DESCRIPTION ARE FOR THE 
20-MILLISECOND STEPPER MOTOR. FOR ADDITIONAL 
INFORMATION, SEE TABLE 1, SHEET 1 OF 3 , MOTOR 
CONTROL SCHEMATICS FOR COMPONENT VALUES AND 
CHANGES FOR SIX-MILLISECOND STEPPER MOTORS. 

PHASE OF THE STEPPER MOTOR IS ACTIVE ON ALL 
EVEN TRACKS: 0, 2, 4, 6. 
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Stepper Motor Control 

The stepper motor control circuits generate the two phases of the step 
sequence based on information from the step and direction inputs. 
These two phases are fed to the stepper motor drivers , which produce 
the current through the motor's coils. 

Stepper Motor 

The stepper motor is a single phase motor , which rotates 3.6 degrees 
for each phase. The capstan and split band translates this rotation 
to a one track linear movement of the head carriage assembly. 



4.5 READ/WRITE DATA 

The components of the drive required to read and write data are: 

1. Read/Write Head Assembly 

2. Side Select circuits 

3. Write/Erase circuits 

4. Read Data circuits 

Read/Write Head Assembly 

The read/write head(s) are glass bonded, ferrite cores mounted in 
a ceramic structure. The lower head structure is mounted in a fixed 
position to a plastic carriage. The upper head is mounted to a 
gimballed flexure to conform to the diskette. 

The head carriage assembly is attached to the chassis on guide rails. 
It is positioned by a split band attached to the stepper motor. 

Side Select Circuits 

The Side Select signal is derived from the host controller via the 
interface connector J8, Pin 32. This signal is buffered. If the 
signal is high at the interface, Side is selected by applying 
a voltage potential on the center tap of Head 0, and allows current 
to flow in the coils of Head 0. If the signal at the interface is 
low, Side 1 is selected by applying a voltage potential on the center 
tap of Head 1, allowing current to flow in the coils of Head 1. 
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In the read mode, a potential of +5 volts D. C. is applied to the 
selected head diode matrix. The write mode increases the voltage 
applied to the selected head diode matrix to +12 volts D. C. from 
the beginning of Write Enable until the end of Internal Write Busy. 

Write/Erase Circuits 

The write electronics consist of a write current source, a write 
waveform generator, an erase current source, the trim erase control 
logic, and the side select logic (Figure 4-7). 

The signals required to control the data electronics provided by the 
host controller are: 

1. Drive Select 

2. Write Enable 

3. Write Data 

4. Side Select 



The winding on the head is center tapped. During a write operation, 
current from the write current source flows in alternate halves of the 
winding, under control of the write waveform generator. 

When the drive is selected and write protect is false, N Write Enable 
initiates the write logic. Seven events that occur are (Figures 4-7 
and 4-8 ) : 

1. The pre-erase delay one shot is started, 390 microseconds. 

2. The post-erase delay one shot is started, 900 microseconds. 

3. The post-erase delay one shot outputs a signal: N Internal 
Write Busy. It is used to disable the Read Data output 
circuit, NWRT to increase the read/write diode matrix voltage 
from 5 volts D. C. to 12 volts D. C. via the side select 
logic during a write operation. 

4. The write current source is enabled via U4. 

5. The write waveform generator has its preset and clear inputs 
set to +5 volts D. C. instead of ground (optional). 

6 . Input diodes to the read amplifier are reverse biased by 
N Write to protect the read amplifier during the 

write operation. 

7. The write data input is inverted and used to clock the 
waveform generator which selects a write driver, thus 
providing a ground to forward bias a diode, allowing current 
to flow through the coil. 
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FIGURE 4-7 

WRITE DATA CIRCUIT BLOCK DIAGRAM 
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When there is a pre-erase delay 390-microsecond time out, the erase 
current source is turned on. 

The clocking of the waveform generator during write operation provides 
a trigger to the post-erase delay one shot, and does not allow it to 
time out until all data is written. 

N Internal Write Busy is active until the end of the post-erase delay, 
and keeps +12 volts D. C. on the read/write diode matrix during the 
erase time. 

The duration of a write operation is from the true going edge of Write 
Enable to the false going edge of Trim Erase. This is indicated by 
the Internal Write Busy waveform (Figure 4-8). 

Read Data Circuits 

The read electronics consist of: 

1. Read Only and Side Select circuits 

2. Read Amplifier and Linear Phase Filter 

3. Differentiator 

4. Comparator, Time Domain Filter, and Digitizer 

The Read Only circuits are used to isolate the read amplifier from the 
voltage excursion across the head during a write operation. The 
side select is used to enable one of the read/write head(s). 

The drive must be selected by the user's system before reading can 
begin. In addition to the requirements established in this section, a 
100 microsecond delay must exist from the trailing edge of the Trim 
Erase signal to allow the read amplifier to settle after the 
transient caused by the Read Only circuit returning to the Read 
mode. 

The output signal from the read/write head is amplified by a read 
amplifier, and filtered by a linear phase filter to remove noise. 
The linear output from the filter is passed to the differentiator, 
which generates a waveform whose zero crossovers correspond to 
the peaks of the Read signal. Then, this signal is fed to the 
comparator, time domain filter, and digitizer circuitry (Figure 4-9). 



4.6 SPINDLE CONTROL 

The components of the drive required to control the spindle are: 

1. Spindle Motor and Spindle Assembly 

2. Spindle Motor Enable circuit 

3. Spindle Motor Control circuit 

4. Diskette Enable Switch 
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Spindle Motor ana Spindle Assembly 

The Spindle Assembly is driven by a belt attached between two pulleys. 
The drive motor pulley is turned by a D. C. motor with a built in 
integral tachometer. The spindle pulley connects to a hub that 
rotates a clamped diskette. 

Spindle Motor Enable Circuit 

The Motor On signal is derived from the host controller to the inter- 
face connector via J8, Pin 16. This signal is buffered and supplied 
to the servo circuit board, which uses it to enable the motor current 
circuit of the spindle motor control via J10, Pin 6. 
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READ CIRCUIT BLOCK DIAGRAM 

4-13 



Spindle Motor Control Circuit 

The Spindle Motor Enable signal is input via J4, Pin 6, of the motor 
control circuit board to gate the spindle motor current (Figure 4-10). 
This current is controlled by an integrated regulator circuit when the 
spindle motor is enabled. The potentiator provides an adjustable 
D. C. voltage reference to the regulator circuit for spindle speed 
adjustment. The tachometer signal provides feedback from the motor 
via Pins 3 and 4 of Jl of the motor control circuit board to maintain 
a constant speed of 300 RPM. This signal is 12 volts A. C. 



Diskette Enabled Switch (Door Lever 



With power applied to the drive unit and the motor enable false, 
inserting a diskette into the drive and closing the door lever turns 
on the motor for five seconds. This feature ensures the proper 
clamping of the diskette to the spindle hub and the centering cone. 

Motor control can be accomplished by drive select with Wl installed. 
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FIGURE 4-10 
SERVO CIRCUIT BOARD 
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SECTION 5 
MAINTENANCE CHECKS AND ADJUSTMENTS 



INTRODUCTION 

This section is for the use of the OEM Repair and Service Departments. 
It contains the maintenance checks and adjustments used during the 
normal life of the drive. The purpose of this section is to outline 
the steps necessary to verify the operation of the drive during 
troubleshooting , or after replacing a part or assembly. 

If a fault is suspected with a drive, following the checks and 

adjustments in the order presented will help to isolate the problem 

area. However, if a specific check and adjustment is required, the 

preceding checks do not necessarily need to be performed. 

The values and tolerances stated in the checks and adjustments are 
typical values for working drives. If the values measured are within 
tolerances or close to the limits, the suspected fault is normally 
caused by some other problem. Completing other checks and adjustments 
may disclose the actual problem. 

Refer to the schematics in the appendices and the theory of operation 
in Section 4 for circuit descriptions. Test point location is 
illustrated in Figure 5-1. 



5.1 VISUAL INSPECTION 

Before applying power to the drive, or doing any checks or 
adjustments, visually inspect the drive: 

1. Check for loose or missing hardware. 

2. Ensure the front latch opens and closes. The head arm raises 
when the door is opened. 

3. Ensure the front panel is secure. 

4. Manually rotate the drive hub. It should rotate freely. 

5. Ensure the circuit boards are secure. 

6. Ensure the connectors are firmly seated, and 
installed correctly. 

7. Check for damaged or missing components on the circuit boards, 

8. Ensure that a diskette can be inserted and removed easily. 
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FIGURE 5-1 
LOGIC CIRCUIT BOARD WITH TEST POINTS 

5.2 EQUIPMENT REQUIRED 

The following equipment is required for checks and adjustments. 

1. A dual-channel, wideband oscilloscope, Hewlett Packard Model 
1740A or equivalent. 

2. An exerciser, AVA Model 103C or equivalent, or a software 
routine capable of stepping the drive to any track, selecting 
the upper or lower head, and writing a IF, all zeros in FM, 
or 2F, all ones in FM, pattern. 
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3. A power supply. 

4. A certified alignment diskette, Dysan Model 224/2A 
or equivalent. 

5. A certified output diskette, write protected, Dysan Model 
104/2D with tab or equivalent. 

6. A certified output diskette, nonwrite protected, Dysan 
Model 1U4/2D or equivalent. 

7. Associated power and interface cables. 

8. A number 1 Phillips screwdriver. 

9. Jeweler Screwdriver (speed adjust) 

10. Spring inserter/remover 

11. A flat blade screwdriver 3/16-inch tip. 

Test equipment must be in calibration. This may be verified by 
observing the calibration due date on the calibration sticker affixed 
to the equipment. 

5.3 POWER/DRIVE SELECT CHECK 

The drive select check verifies the activity L. E. D. can be 
illuminated, and power is supplied to the drive. If the check fails, 
measure the power supply voltages to ensure they are correct. 

1. Turn off power to the drive. 

2. Connect the interface cable that goes from the exerciser to 
the drive. 

3. Apply power to the drive. 

4. Verify power supply voltages are within tolerances. 

5. Ensure a drive select jumper is in place. 

6. Select the drive. 

7. Verify the front panel L. E. D. is illuminated. 

8. Deselect the drive. 

9. Ensure the front panel L. E. D. extinguishes. 
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5.4 WRITE PROTECT SWITCH CHECK AND ADJUSTMENT 

The write protect switch check and adjustment establishes the correct 
operation of the write protect switch, i. e. the write electronics are 
disabled when a write protected diskette is used. 

Write Protect Switch Check 

1. Connect the drive to an exerciser or computer with a direct 
monitor of the write protect output (J8, Pin 28) or, with no 
power to the drive, disconnect Plug 11, and check the 
continuity with an ohmeter. 

2. With a nonwrite protected diskette inserted, verify there is 
continuity between the two wires of Plug 11 or there is a 
nonwrite protected output to the exerciser, i. e., a high at 
J8, Pin 28. 

3. With a write protected diskette inserted, verify there 

is no continuity between the two wires of Plug 11 or that 
there is a write protect true output to the controller or 
exerciser, i. e., a low at J8, Pin 28. 



NOTE 

A DEFECTIVE CIRCUIT BOARD CAN BE RESPONSIBLE FOR A WRITE 
PROTECT PROBLEM. TEST POINT 2 SHOULD BE LOW FOR A WRITE 
PROTECTED DISKETTE, HIGH FOR A NONWRITE PROTECTED 
DISKETTE. 



Write Protect Switch Adjustment 



1. Loosen the screws holding it to the bracket on the side 
nearest to the front of the drive (Figure 5-2). 

2. Move the switch up or down, as required, and recheck it. 



5.5 DRIVE MOTOR SPEED CHECK AND ADJUSTMENT 

The long-term drive motor's speed adjustment ensures the speed is 
within the specified tolerance. The motor speed tolerance is 300 RPM 
_+ 1.5 percent. 

Drive Motor Check 

1. Verify power: +12 volts D. C. + .6 volt 

+ 5 volts D. C. + .25 volt 

2. Apply power to the drive. 
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FIGURE 5-2 
WRITE PROTECT SWITCH ADJUSTMENT 

3. Activate the drive motor. 

4. Insert a work diskette. 

5. Observe the speed disk on the spindle pulley under ambient 
flou res cent lighting. 

6. Verify the 60 Hertz outer ring is stationary. 

Drive Motor Adjustment 

1. Adjust R15, located on the Servo circuit board, until the speed 
disk is stationary (Figures 5-3 and 5-4). 
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5.6 RADIAL TRACK ALIGNMENT CHECK AND ADJUSTMENT 

The Radial Track alignment procedure locates the read/write head at 
the proper radial distance on the hub center line, ensuring the track 
location is accurate (Figure 5-5). Adjustment is necessary only after 
servicing or if diskette interchange problems are suspected. 
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FIGURE 5-3 
LOCATION OF R15 SPEED CONTROL POTENTIOMETER 
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FIGURE 5-4 
BOTTOM VIEW OF DRIVE 
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FIGURE 5-5 
HUB CENTER LINE AND TRACK LOCATION 

NOTE 

THE ALIGNMENT DISKETTE AND DRIVE MUST BE ALLOWED TO 
STABILIZE AT ROOM TEMPERATURE FOR ONE HOUR BEFORE 
CHECKS AND ADJUSTMENTS ARE PERFORMED. 



Radial Track Alignment Check 



Set up oscilloscope 

Channel A: Test Point 4 

Channel B: Test Point 5 

Ground: Test Point 8 or 14 

Read Differentially: A plus B, B inverted 

Time Base: 20 milliseconds per division 

External Trigger: Test Point 12, positive edge 

Adjust amplitude for at least four divisions on 
the oscilloscope, A. C. coupled. 



Apply power to the drive, 
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FIGURE 5-6 
CATS EYE PATTERNS 
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NOTE 

THE TRACK 16 RADIUS IS 1.9167 INCHES FROM THE CENTER OF THE 
HUB. OTHER TRACK LOCATIONS ARE COMPUTED BASED UPON 48 TPI . 



3. Select the drive. 

4. Insert a certified alignment diskette, Dysan Number 224/2A, 
into the drive. 

5. Select Head 0, the lower head. 

6. Read Track 16 for Radial Track alignment of the lower head. 

7. Adjust the oscilloscope to observe a Cats Eye pattern 
( Figure 5-6 ) . 

8. Verify the smaller of the two Cats Eye patterns is not less 
than 75 percent in amplitude of the other one. 



NOTE 

THE 75 PERCENT FIGURE IS FOR USE WITH AN ALIGNMENT DISKETTE 
VERIFIED AGAINST A STANDARD ALIGNMENT DISKETTE. 



9. Step the drive to Track 0; then, step it back to Track 16. 

10. Verify the Cats Eye pattern. 

11. Step the drive to Track 26 or higher; then, step it back 
to Track 16. 

12. Verify the Cats Eye pattern. 

13. Switch to Head 1, the upper head. 

14. Read Track 16 to verify the alignment of the upper head, 
if applicable. 

15. Verify the Cats Eye pattern. 

16. Step the drive to Track 0; then, step it back to Track 16. 

17. Verify the Cats Eye pattern. 

18. Step the drive to Track 26 or higher; then, step it back to 
Track 16. 

19. Verify the Cats Eye pattern. 

20. If all the checks verify, the radial track alignment 
is acceptable. 

21. If any check does not verify, the stepper motor must 
be adjusted. 
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Radial Track Alignment Adjustment 

1. Loosen the two Number 1 Phillips retaining screws on 
stepper motor (see Figure 5-7). 

2. Using a flat blade screwdriver between the chassis camming 
bar and the stepper motor, rotate the stepper motor. 

3. Observe the Cats Eye pattern of the head farthest out 
of alignment. 

4. Adjust until the Cats Eye patterns are equal in amplitude 
( Figure 5-6 ) . 

5. Tighten the stepper motor retaining screws. 

6. Recheck the Radit 1 Track alignment. 
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FIGURE 5-7 
STEPPER MOTOR RETAINING SCREWS AND CAMMING BARS 
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INDEX CHECKS AND ADJUSTMENT 



The index adjustment changes the time period from the index pulse to 
the start of the data in hard sectored diskettes. The adjustment 
should be checked after the drive has been aligned or when diskette 
interchange errors are suspected. 
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Index-To-Data Pulse Checks 

1. Set up oscilloscope 

Channel A: Test Point 4 
Channel B: Test Point 5 
Ground: Test Point 8 or 14 

Read Differentially: A plus B, B inverted 
Time Base: 50 microseconds per division 
External Trigger: Test Point 12, negative edge 

NOTE 
THE TOLERANCE IS 200 + 100 MICROSECONDS, 




miE SCALE: 50 MICROSECONDS PER DIVISION 
FIGURE 5-8 
INDEX-TO-DATA PULSE 



2. Adjust amplitude for at least two divisions on 
the oscilloscope. 

3. Apply power to the drive. 

4. Select the drive with the control logic. 

5. Check the speed of the drive's motor. 

6. Insert an alignment diskette. 
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7. Seek the carriage to Track 1. 

8. Select Head 0. 

9. Read the trigger point to the start of the first data pulse 
width ( Figure 5-8 ) . 

10. For double-sided drives, if Head 0, the lower head, meets the 
tolerance, check the upper head. 



NOTE 



HEAD 1 SHOULD MEET THE SAME TOLERANCE. 



11. If either head does not meet the tolerance , adjust the 
index sensor. 

12. Recheck both indexes after they are adjusted. 

13. When both index measurements on a double-sided drive or the 
one index measurement on a single-sided drive meet the 
tolerance, check the index on Track 34. 

14. For double-sided drives, check Heads and 1. 



NOTE 

IF ANY INDEX MEASUREMENT DOES NOT MEET THE TOLERANCE, 
THE INDEX SENSOR MUST BE ADJUSTED. 
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FIGURE 5-9 
INDEX SENSOR'S RETAINING SCREW AND ADJUSTMENT 

5-12 



15. Recheck all indexes after each adjustment. 
Index Sensor Adjustment 

1. From the bottom of the chassis , loosen the index 
sensor's retaining screw counterclockwise one-quarter 
turn (Figure 5-9 ), through the access hole in the Servo 
circuit board. 

2. Adjust the index sensor with a flat blade screwdriver until 
the data pulse begins 200 microseconds + 100 microseconds 
from the trigger point , through the access hole in the servo 
circuit board. 

3. Tighten the index sensor's retaining screw. 

4. Recheck the index-to-data pulse. 



5.8 AZIMUTH CHECK 

Azimuth checks the read/write head's relative angle to the center 
line of the diskette. The Dysan 224/2D alignment diskette has 
three azimuth bursts, the first one having acceptable limits of 12 
minutes; the second one, 15 minutes; and the third one, 18 minutes. 
The third burst of 18 minutes should be used for the check. 

The head's azimuth is not adjustable. If the head ( s ) fail the azimuth 
check, replace the head carriage assembly. 

1. Set up the oscilloscope 
Channel A: Test Point 4 
Channel B: Test Point 5 
Ground: Test Point 8 or 14 

Read Differentially: A plus B, B inverted 

Time Base: 0.5 millisecond per division 

External Trigger: Test Point 12, positive edge 

Adjust the amplitude for at least four divisions on 
the oscilloscope. 

2. Seek to Track 34 . 

3. Select Head 0, and observe the third pulse burst on 
the oscilloscope. 

4. Verify the head azimuth is no greater than _+ 18 minutes by 
comparing the third set of pulse burst to those in 
Figures 5-10, 5-11, and 5-12. 
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5. Select Head 1, and verify the head azimuth, 
depicts an azimuth of exactly zero minutes, 
optimum head azimuth alignment. 



Figure 5-10 
This is the 
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FIGURE 5-10 
OPTIMUM HEAD AZIMUTH ALIGNMENT 



Figure 5-11 depicts an azimuth of exactly minus 18 minutes 
is the lower limit of allowable azimuth error. 



This 



FIGURE 5-11 
HEAD AZIMUTH ALIGNMENT OF ACCEPTABLE LOWER LIMITS 



Figure 5-12 depicts an alignment of exactly plus 18 minutes 
This is the upper limit of allowable azimuth error. 
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FIGURE 5-12 
HEAD AZIMUTH ALIGNMENT OF ACCEPTABLE UPPER LIMITS 
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TRACK SENSOR CHECK AND ADJUSTMENT 



The Track sensor circuitry provides a signal identifying Track to 

the logic electronics. The electronics disable the step-out function 

when Track is reached. In addition, a Track signal is sent to the 
controller .on Pin 26 of the interface. 



Track Sensor Check 

1. Set up the oscilloscope 
Channel A: Test Point 4 
Channel B: Test Point 5 
Ground: Test Point 8 or 14 

Read Differentially: A plus B, B inverted 
Time Base: 20 milliseconds per division 
External Trigger: Test Point 12, positive edge 
Vertical Display: 0.1 volt per division 

2. Apply power to the drive. 

3. Insert a certified alignment diskette into the drive. 

4. Close the front latch. 

5. Step the carriage to the radial alignment track. 
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6. Confirm the position by observing the Cats Eye pattern. 

7. Set up the oscilloscope to monitor the TTL signal at IC U8/ 
Pin 4. 

8. Step the carriage back to Track 1. 

9. Ensure the signal at Track 1 is at least 2.5 volts. 

10. Step the carriage out to the radial alignment track. 

11. Step the carriage back to Track 2. 

12. Verify the logic level at IC U8/ Pin 4, is less than 
0.8 volt. 

13. If all of these checks are satisfactory/ no adjustment 
is required. 

14. If any of these checks is unsatisfactory/ adjust the 
Track Sensor. 

Track Sensor Adjustment 

1. Loosen the retaining screws on the base of the 
Track sensor. 

2. Retighten the scrqw on the spindle side of the sensor to 
provide some friction on it. The screw at the rear of the 
sensor is for the Track stop (see Figure 5-13). 

3. Move the sensor to the rear of drive as far as it will go. 

4. Step the carriage back from the radial alignment track to 
Track 1/ but do not restore it to Track 0. 

5. Slide the Track sensor toward the spindle very slowly 
until the signal at IC U8 7 Pin 4, is at least 2.5 volts at 
Track 1 and less than 0.8 volt at Track 2. Chassis camming 
bars are located at the front and the rear of the sensor. 

6. Retighten .the screw on the spindle side of the sensor. 

7. Repeat the Track sensor check to ensure the correct 
setting has been attained. 



5.10 TRACK STOP ADJUSTMENT 

The Track stop screw should be adjusted after the Cats Eye pattern 
has been adjusted/ or when the carriage seeks to a track lower than 
Track 0. 
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1. Set up the oscilloscope 
Channel A: Test Point 4 
Channel B: Test Point 5 
Ground: Test Point 8 or 14 

Read Differentially: A plus B, B inverted 
Time Base: 20 milliseconds per division 
External Trigger: Test Point 12 

2. Apply power to the drive. 

3. Select the drive. 

4. Insert an alignment diskette. 

5. Loosen Number 1 Phillips screw at rear of Track sensor. 
Track stop block slides inside of Track sensor. See 
Figure 5-13. 

6. Step the carriage to Track 0, and observe the waveform. 

7. Slowly push the Track stop block into Track sensor until 
the output amplitude begins to decrease on the oscilloscope. 

8. Slowly retract the Track stop block until amplitude stops 
increasing. Retract it an additional 1/32 of an inch. 
Tighten the Track stop block screw. 



5.11 HEAD OUTPUT CHECK 

The head output check measures the head's output amplitude relative 
to the diskette being used. When using certified, quality media, 
typical values will be 200 millivolts peak-to-peak or greater. 
However, values may be significantly less, 100 millivolts peak-to-peak 
typical, if inferior or defective media is used, and does not indicate 
a faulty head. 

Head amplitude can be verified by establishing a nominal value of 
amplitude for the diskette on a known working drive. In all cases, 
amplitudes greater than 200 millivolts peak-to-peak are acceptable. 
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TRACK STOP 
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Remove the alignment diskette, and insert a nonwrite 
protected diskette into the drive. 

Set up the oscilloscope 

Channel A: Test Point 4 

Channel B: Test Point 5 

Vertical Amplitude: 50 millivolts per division 

Ground: Test Point 8 or 14 

Read Differentially: A plus B, B inverted 

Time Base: 20 milliseconds per division 

External Trigger: Test Point 12 

Seek to Track 39. 

Write a 2F, all ones, pattern on Head 0. 

Verify the amplitude is 200 millivolts or greater, 
peak-to-peak. 

Write a 2F, all ones, pattern on Head 1. 

Verify the amplitude is 200 millivolts or greater, 
peak-to-peak. 
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5.12 CONE CENTERING CHECK 

Cone centering is the ability of the cone clamping mechanism to center 
the diskette on the hub, causing it to rotate concentrically. This 
check and adjustment should be made whenever the upper plate assembly 
has been removed or replaced. If the cone centering cannot be 
adjusted, verify the measurement with a second diskette. 

1. Set up the oscilloscope: 
Channel A: Test Point 4 
Channel B: Test Point 5 

Vertical Amplitude: 100 millivolts per division 

Ground: Test Point 8 or 14 

Read Differentially: A and B, B inverted 

Time Base: 20 microseconds per division 

External Trigger: Test Point 12, positive edge 

2. Apply power to the drive. 

3. Select the drive. 

4. Seek to Track 0. 

5. Write a 2F pattern on Head 0. 

6. Measure the amplitude of the signal by positioning the 
deepest dip in the signal on the center vertical graticule. 

7. Release the front latch, and remove the diskette. 

8. Reinsert the diskette, and close the front latch. 

9. Repeat Steps 7 and 8 until the deepest dip in the waveform 
is produced. 

10. Measure the amplitude of the deepest dip. 

11. Divide this measurement by the measurement in Step 6, and 
multiply it by 100. This result should be above 85 percent. 

12. The signal amplitude should not decrease below 85 percent of 
the average amplitude at any point on the track. 
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5.13 COMPLIANCE CHECK AND ADJUSTMENT (SINGLE-SIDED DRIVES ) 

Compliance is the maximized output of the head when the pressure of 
the felt pad is centered over the read/write gap. For double-sided 
drives, a compliance check and adjustment must be made at the 
factory. 

Compliance Check 

1. Set up the oscilloscope: 
Channel A: Test Point 4 
Channel B: Test Point 5 

Vertical Amplitude: 100 millivolts per division 

Ground: Test Point 8 or 14 

Read Differentially: A and B, B inverted 

Time Base: 10 microseconds per division 

External Trigger: Test Point 12, positive edge 

2. Apply power to the drive. 

3. Select the drive. 

4. Insert a nonwrite protected diskette. 

5. Write a IF pattern on Track 34. 

6. Observe the output waveform voltage. 

7. With a gram gauge, carefully apply fifteen grams pressure to 
the upper arm. 

NOTE 
FIFTEEN GRAMS IS ABOUT THE WEIGHT OF A QUARTER. 

8. If the output shown on the oscilloscope increases by more 
than ten percent, adjust the compliance. 
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Compliance Adjustment 

Compliance is adjusted by using the same procedure used in the 
compliance check. 

In addition: 

1. The spring tension for the pad arm has three positions for 
the spring end in the lower portion on the head carriage 
assembly (see Figure 5-14). 

2. While monitoring the oscilloscope , change the spring tension 
position. If output amplitude is not affected by different 
positions of the spring, replace it. 

3. If the pad is worn, replace it. 



rILT PAD SNAPS INTO ARM ASSEMBLY 



COMPLIANCE SPRING 



COMPLIANCE SPRING RAS THREE 

TENSION POSITIONS, ANGLE OF 
SLOT DETERMINES SPRING TENSION 




/ - 



FIGURE 5-14 
UPPER ARM AND COMPLIANCE SPRING 
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SECTION 6 
REMOVAL AND INSTALLATION 

Removal and installation instructions are included in this section, 

1. Control and Data Circuit Board 

2. Servo Circuit Board 

3. Chassis Shield 

4. Diskette Lever Assembly 

5. Front Panel 

6. Power Input Plug and Bracket 

7. Write Protect Switch 

8. Write Protect Sensor 

9. Stepper Band 

10. Stepper Motor 

11. Upper Plate Assembly 

12. Track Sensor and Stop Block 

13. Head Module 

14. Drive Belt 

15. Drive Motor 
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CONTROL AND DATA CIRCUIT BOARD 



Removal 



1. Disconnect all cable plugs from the circuit board located 
on top of the drive. 

2. Remove two Number 1 Phillips screws at the rear of the 
circuit board. 

3. Lift off the drive. 



Installation 



1. Position the circuit board on top of the drive. 

2. Secure the circuit board with the two previously 
saved screws. 



3. Connect all cable plugs (Figure 6-1). 



SERVO CIRCUIT BOARD 



Removal 

1. Position drive with drive belt on top; disconnect all cable 
plugs from the circuit board. 

2. Remove the Number 1 Phillips screw at the left front and the 
Number 1 Phillips screw going through the heat sink on the 
circuit board. 

NOTE 

THIS IS LONGER THAN THE OTHER SCREW REMOVED. 

3. When removing the circuit board, do not break off 

the L. E. D. attached to the edge of it, and do not stretch 
the drive belt. 

NOTE 

IF THE WRITE PROTECT CIRCUIT IS A SENSOR 
ATTACHED TO THE CIRCUIT BOARD, USE CARE WHEN 
REMOVING IT. 



Installation 

1. Position the circuit board with the L. E. D. lined up to 
the retaining cavity on the front panel. Insert the 
L. E. D. and move the belt slightly to position the 
circuit board. 

6-2 



2. Secure the circuit board using the short Number 1 Phillips 
screw through the mounting hole at the front. The longer 
Number 1 Phillips screw is used through the heat sink 

on the circuit board. 

3. Connect all cable plugs (Figure 6-2). 



CHASSIS SHIELD, CONTROL AND DATA CIRCUIT BOARD 



Removal 



1. Remove the control and data circuit board. 

2. Remove the Number 1 Phillips screw's retaining shield, 

NOTE 
HEAD CABLING IS AT THE FRONT OF THE DRIVE. 

3. Lift the shield from the chassis. 



Installation 

1. Position the head cables along the chassis to exit the slot 
of the shield at the front of the drive. 

2. Position the shield, securing it with a Number 1 Phillips 
screw through the mounting hole. 

3. Replace the circuit board. 

DISKETTE LEVER ASSEMBLY 
Removal 

1. Using a flat blade screwdriver, pry off the plastic door 
handle (Figure 6-3). 

2. Remove the stud from the door shaft. 

Installation 

1. Replace the stud in the door shaft. 

2. Position the door handle over the shaft and stud. 

3. Press in until the stud is covered by the door handle. 
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FIGURE 6-1 
CONTROL AND DATA CIRCUIT BOARD 




FIGURE 6-2 
SERVO CIRCUIT BOARD 




FIGURE 6-3 
DISKETTE LEVER ASSEMBLY 
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FRONT PANEL 



Removal 



1. Remove the diskette lever assembly. 

2. The front panel is held in place by small plastic ridges. To 
remove them from the bottom, pull down and out. To remove 
them from the -top, upper plate assembly, pull up and out, and 
slide them off of the door shaft. 



Installation 



1. Position the front panel over the door shaft and activity 

L. E. D., and push it hard. The front panel snaps onto the 
chassis and upper plate assembly. 



POWER INPUT PLUG AND BRACKET 



Removal 



1. Remove the control and data circuit board. 

2. Remove the chassis shield. 

3. Remove the Number 1 Phillips screw from the power input 
retaining bracket (Figure 6-4). 




FIGURE 6-4 
POWER INPUT PLUG AND BRACKET 
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Push the bracket to the front of the drive , and remove it. 

The power input plug has two cables running from it: plug 
Number 2 is to the servo circuit board on the bottom of 
drive; Plug Number 7 , on top of the drive, is to the control 
and data circuit board. Disconnect both plugs and remove 
them from the drive. 



Installation 



1. Position the power input plug on the chassis with rounded 
corners to the top and next to the chassis retaining forms. 

2. Route cable plug Number 2 through the hole in the chassis to 
the bottom of drive. Cable plug Number 7 remains on the same 
side as the power input plug. 



CAUTION 

THESE CABLE PLUGS CANNOT BE REVERSED. POWER 
APPLIED IS NOT THE SAME PIN OUTS ON THE 
CIRCUIT BOARD. 



3. Put the bracket over the hole in the chassis , and line it up 
with the power input plug. The bracket must engage with the 
chassis through the hole. The power input plug goes against 
the chassis retaining forms. 

4. Secure the bracket with a Number 1 Phillips screw into the 
chassis standoff. 

5. Replace the chassis shield. 

6. Replace the control and data circuit board. 



WRITE PROTECT SWITCH 



Removal 

1. Remove Pll from the control and data circuit board. 

2. Cut the tie wraps, as required, to route Plug Pll through the 
hole in the chassis to the bottom of the drive. 

3. Remove the servo circuit board. 
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4. At the lower left front side of the drive, loosen the two 
Number 1 Phillips screws retaining the write protect switch, 
actuating arm, and screw retaining plate. 

5. Slide the assembly off of the chassis. 

Installation 

1. After positioning the write protect switch and actuating 
arm, screw the retaining plate into the chassis slot. 

2. After ensuring the actuating arm is in the chassis 1 slot, 
tighten the two screws. 

3. Route cable plug Pll through the hole in the chassis toward 
the rear of the drive, around the outside of the drive motor 
to the control and data circuit board. 

4. Replace the tie wrap. 

5. Replace the servo circuit board. 



WRITE PROTECT SENSOR 

Removal 

1. Remove the servo circuit board. 

NOTE 

ONE-HALF OF THE SENSOR IS ATTACHED TO 
THE PHOTOTRANSISTOR. 



2. At the top left-hand front of the drive, the write protect 
sensor's diode mounting block is retained by a Number 1 
Phillips screw. Remove the screw and cut the tie wraps, as 
required, to remove Plug Pll from the control and data 
circuit board. 

3. Remove the sensor's diode. 



Installation 

1. Replace the servo circuit board, 
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2. Align the mounting block with the sensor over the hole on the 
top, left-hand front of the drive, and secure it with a 
Number 1 Phillips screw. 

3. Route the cables and plug Pll into the connector on the 
control and data circuit board. 

4. Wrap the cables, as required. 



STEPPER BAND 



Removal 



1. Remove the control and data circuit board. 

2. Remove the chassis shield. 

3. Remove the power input plug. 

4. Loosen the Number 1 Phillips screw on the stepper motor shaft 
( Figure 6-5 ) . 

CAUTION 

WHILE HOLDING THE HEAD ASSEMBLY DURING REMOVAL 
OF THE STEPPER BAND, TAKE CARE TO PROTECT THE 
UPPER HEAD ASSEMBLY. 



Holding the head assembly toward the rear of the drive, 
depress the spring tension plate at the rear of the head 
assembly toward the stepper shaft to the front of the drive, 
The stepper band will detach from the clip portion of the 
tension plate. 



CAUTION 



DO NOT BEND THE STEPPER BAND, 



6. Remove the tension plate and the spring from the head 
assembly. 

7. Remove the screw from the stepper motor shaft. 



CAUTION 



DO NOT BEND THE STEPPER BAND. 



Lift the stepper band from the stud at the front of the head 
assembly and from the stepper shaft. 
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Installation 



1. Place the stepper band with its single part toward the 
front of the head assembly. 

2. Place a loop around the stepper shaft with its dual portion 
toward the rear of the drive. 

3. Place the stepper band on the stud of the head assembly. 

4. Rotate the stepper motor until the center hole in the stepper 
band and the hole in the shaft line up together. 

5. Install the screw and washer into the stepper shaft but do 
not tighten the screw. 

6. Install the spring and tension plate onto the 
head assembly. 

7. Holding the head assembly toward the rear of the drive , 
depress the tension plate toward the front of the drive. 

8. After setting the end of the stepper band onto the tension 
plate, remove the pressure from the plate. The' stepper band 
seats itself around the stepper motor shaft. 

9. Move the head assembly to obtain the maximum length of travel 
while watching the stepper band on the stepper motor shaft. 
If it maintains a straight path f it is o. k. If not f relax 
the tension plate, and try to smooth out the stepper band. 



CAUTION 

TIGHTENING THE SCREW TOO TIGHT WILL BEND THE 
STEPPER BAND, CAUSING IT TO NEED REPLACING. 



10. When satisfied with stepper band operation, snug up the 
stepper motor shaft screw to four-inch ounces of torque 

11. Replace the power input plug. 

12. Replace the chassis shield. 

13. Replace the control and data circuit board. 
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FIGURE 6-5 
STEPPER BAND 



STEPPER MOTOR 



Removal 



1. Remove the control and data circuit board. 

2. Remove the chassis shield. 

3. Remove the stepper band. 

4. Remove the stepper motor cable plug, P3, from the servo 
circuit board. 

5. Remove the two Number 1 Phillips screws on the bottom of the 
drive, one at each end of the stepper motor. 

6. The screw toward the front of drive has a wire wrap covered 
with shrink tight and two tie wraps. Cut the two tie wraps. 

7. Remove the stepper motor from the chassis. 



Installation 



1. Position the stepper motor shaft through the hole in 
the chassis. 

2. Insert retaining screws and washers. The retaining screw 
toward the front of the drive has a wire wrap covered with 
shrink tight. 

3. Route excess wiring from the stepper motor to the side of 
the chassis. 
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4. Insert stepper motor cable plug P3 into the servo 
circuit board. 

5. Tie wrap the cables. 

6. Replace the stepper band. 

7. Replace the chassis shield. 

8. Replace the control and data circuit board. 



#1 PHILLIPS 

RETAINING 

SCREWS 




O 
STEPPER 
MOTOR 




BOTTOM OF DRIVE 



FIGURE 6-6 
STEPPER MOTOR 
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UPPER PLATE ASSEMBLY 

The upper plate assembly includes the door switch, the upper index 
sensor, the cone lever assembly, the diskette ejector, the lift plate, 
and the diskette lever assembly, as well as the write protect sensor, 
if applicable. 

Removal 

1. Remove the control and data circuit board. 

2. Remove the chassis shield. 

3. Remove the diskette lever assembly. 

4. Remove the front panel. 

5. Remove the servo circuit board. 

6. Remove the bottom index sensor. 

7. Cut the tie wraps on the cables for the door switch, 
Plug 5, the index assembly, Plug 12, and write protect, 
Plug 11, if the sensor is mounted on the upper 

plate assembly (Figure 6-7). 

NOTE 



ONE-HALF OF THE INDEX ASSEMBLY IS ON THE BOTTOM OF 

THE DRIVE. THE INDEX ASSEMBLY SHOULD BE ROUTED THROUGH 

A HOLE IN THE CHASSIS BEFORE REMOVING THE UPPER 
PLATE ASSEMBLY. 



8. Remove the spring from the lift plate. 

9. Remove three Number 1 Phillips screws from the upper plate 
assembly. Two are at the front of the drive, and one is on 
the drive motor side of the chassis. 



CAUTION 



WHEN REMOVING THE UPPER PLATE ASSEMBLY, DO NOT BEND THE 
UPPER ARM OF THE HEAD ASSEMBLY SINCE DAMAGE CAN RESULT. 



Installation 

1. Position the upper plate assembly with the lift plate under 
the upper arm of the head assembly, and the mounting holes 
lined up to the chassis. 
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Insert three Number 1 Phillips screws, two at the front of 

the drive , and one at the rear of the drive by the 
drive motor. 

Apply four-inch pounds torque , maximum, to the screws. 



NOTE 

LEAVE THE MOUNTING HOLE ON THE POWER INPUT 
PLUG SIDE OF THE UPPER PLATE ASSEMBLY EMPTY. 
THE CHASSIS SHIELDING RETAINING SCREW USES 
THIS HOLE. 



3. Replace the spring on the lift plate. 

4. Route the lower index assembly through a hole in the chassis, 
and mount it on the bottom of the drive. 

5. Route the cabling, using the tie wraps provided. 

6. Replace the servo circuit board. 

7. Replace the front panel. 

8. Replace the diskette lever assembly. 

9. Replace the chassis shielding. 

10. Replace the control and data circuit board. 

MOUNTING SCREWS 




FIGURE 6-7 

UPPER PLATE ASSEMBLY 
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TRACK SENSOR AND TRACK STOP BLOCK 



Removal 



1. Remove cable Plug P9 from the control and data 
circuit board. 

2. Remove the tie wraps, as required, to free the cable to 
the sensor. 

3. Move the head assembly toward the spindle. 

4. Remove two Number 1 Phillips screws from the Track sensor 
(Figure 6-8). 



NOTE 

THE SCREW TOWARD THE REAR OF THE DRIVE IS GOING 
THROUGH TWO PIECES, ONE IS THE TRACK SENSOR, 
THE SECOND ONE IS THE TRACK STOP BLOCK. 



Installation 



1. Position the Track sensor over the retaining holes in 
the chassis. 

2. Insert the retaining screw into the sensor toward the 
front of the drive. 

3. Insert the screw through the Track stop block and into the 
rear retaining slot of the Track sensor. 

4. Slide the Track stop block toward the rear before 
tightening the screw. 

5. Route the cable for the Track sensor back to the control 
and data circuit board. 

6. Apply tie wraps, as required. 
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FIGURE 6-8 
TRACK SENSOR AND STOP BLOCK 
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HEAD MODULE 



Removal 



1. Remove the data and control circuit board. 

2. Remove the chassis shielding. 

3. Remove the power input plug. 

4. Remove the stepper band. 

5. Remove the Track sensor. 

6. At the rear of the drive, remove the V spring which holds two 
grooved rails. 

7. Raise the head assembly slightly, removing it toward the rear 
of the drive. 



NOTE 

FROM THE REAR OF THE DRIVE, THE RAIL ON THE LEFT- 
HAND SIDE IS ENCASED BY THE HEAD ASSEMBLY CASTING, 
THE RAIL-HAND SIDE ON THE RIGHT IS RIDING ON 
THE GUIDE. 



Installation 



1. Position the head assembly to slide over and around the guide 
rails if the V spring clip still has the front of the guide 
rails attached to the chassis. 

2. Insert the clip into the grooves of the rails and the 
retaining block on the chassis. 

3. Slide the head assembly several times on its rails to ensure 
it does not bind. 

4. Replace the Track sensor. 

5. Replace the stepper band. 

6. Replace the power input plug. 

7. Replace the chassis shielding. 

8. Replace the data and control circuit board. 
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DRIVE BELT 
Removal 

1. Remove the control and data circuit board. 

2. Remove the chassis shield. 

3. Remove the diskette lever assembly. 

4. Remove the front panel. 

5. Remove the servo circuit board. 

6. Remove the bottom index sensor. 

7. Remove the upper plate assembly. 

8. Unloop the drive belt from the drive motor pulley. 

9. Lift out the drive belt through the slot in the chassis. 

Installation 

1. Twist the belt so the shiny side is inward. 

2. Push the new belt through the slot in the chassis, looping 
the belt around the spindle pulley. 

3. While turning the spindle pulley, loop the other end of the 
belt around the drive motor pulley. 

4. Ensure the spindle pulley, drive belt, and drive motor 
rotate freely. 

5. Replace the upper plate assembly. 

6. Replace the bottom index sensor. 

7. Replace the servo circuit board. 

8. Replace the front panel. 

9. Replace the diskette lever assembly. 

10. Replace the chassis shield. 

11. Replace the control and data circuit board. 
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DRIVE MOTOR 



Removal 



1. On the servo circuit board, remove cable Plug PI. 

2. Cut the tie wrap at the front of the stepper motor 
(Figure 6-9 ) . 

3. Cut the tie wraps by the drive motor on the bottom of the 
drive, one in the corner of the chassis. 

4. Route cable Plug PI through the hole in the chassis. 

5. Remove the belt from the motor pulley. 

6. Remove the two Number 1 Phillips screws from the bottom of 
the drive below the motor. 

7. Lift out the motor. 



Installation 



1. Insert the new drive motor- through the hole in the chassis 

2. Line up the retaining screw holes. 

3. The wires from the motor go to the rear of the chassis. 

4. Insert and tighten the two retaining screws. 

5. Route drive motor cable Plug PI through the hole in the 
chassis to the servo circuit board. 

6. Connect, the cable to the circuit board. 

7. Install the tie wraps, as required. 

8. Attach the drive belt to the drive motor pulley. 

9. Ensure the drive motor, drive belt, and spindle pulley are 
rotating freely. 
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FIGURE 6-9 
DRIVE MOTOR 
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APPENDIX A 
RECOMMENDED SPARE PARTS AND MAJOR ASSEMBLIES 

This appendix contains the recommended spare parts list and the major 

assemblies. Part numbers on this list should be used for ordering. A 

spare parts list with prices for parts and services is available from 
Tandon Corporation. 

Part Number Description 

210375-001 Front Panel Assembly 

210309-001 Diskette Lever 

211019-001 Write Protect Assembly 

210586 Write Protect Assembly (Fast Seek) 

210372-001 Upper Plate Assembly 

210440-001 Read Write PCBA 48 TPI 

210533-001 Drive Motor Assembly 

210382-001 Track 00 Sensor Assembly 

210340-001 Band Assembly 

210384-001 Head Carriage Assembly SSR 

210446-001 Head Carriage Assembly DSR 

210380-001 Index Sensor Assembly 

210534-001 Stepper Assembly 

211004-001 Stepper Assembly (Fast Seek) 

210334 Drive Belt 

210437-002 Motor Control PCBA 

210437-003 Motor Control PCBA (Fast Seek) 

210399 Drive Hub Assembly 
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APPENDIX B 
CIRCUIT BOARD SCHEMATICS AND DRAWINGS 

This appendix contains a listing of the current circuit board 
schematics and circuit board drawings for the TM50-1 and TM50-2 
drives. 

Drawing Number Title Page Number 

210441 , -Revision J Read/Write Logic Circuit 

Board Schematic B-l, B-2, B-3, 

B-4 

210439, Revision H Motor Control Circuit Board 

Schematic B-5, B-6, B-7 
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/B( \U3 

MPa Z9Q7 



NINTWRTBSY 



U!3 



7438 



f £EL* HI 
fZ/B-3) 



30 



NREAD 
DATA 



J8 



94 



Z.OK 



(ZJBZ) HI 
(3/CZ) i 
(3/62) >K30 
< I K 



CRZO 
k 3.3V 

R37 
/oo 



+IZVS 



\RPS 
Z.Zk 



TPI 





/ 

3 
5 
7 
9 
// 
A3 
/5 

/7 

/? 
2/ 
23 
25 




























27 

29 

3/ 








33 





r4.7,35V 



TP/4 - + -L C7 



JTTT\ 



„£/£ ±C26 JLCZ7 ±£30 ±C33 



1 ® 4.7,35V .01 .1 ./ ./ 

1 • i 1 11 A I 1 I 



1 



NOTES: UNLESS OTHERWISE SPECIFIED 



TH£ IKFCWUATIO* CON1A1WE0 HfflEOH IS THE PR& 
f^PTY Of TAN DOW CCWPOAAIION NO nilllON Of 
TX3DATA&4AU.MNCIEAUO 0lSC».04€D USCO 0*» 
CE^VJOATED FO« UM IN PBOCLflEVENT Ofl IAANV> 
FACnAINQ WITHOUT |#IC* (C*W*)TT£NF»»A'SfclO* 

«ou tamoon cowcwatkj* 



UNLESS OTHERWISE SPECIFIED 



DIMENSIONS ARE IN INCHES 
TOLERANCES 

XX : AKGULAR 

xxx - z irr 



BREAK AL1 SHARP CORNERS 
APPROX 010 



y 



FINISH 



"STURES 



IJtAJ^y 



P«OJ ENGR 



landoi 



CORPORATION 



TITLE 



N\OOBL TM-50 
RE A D / W/?/ TE BOA RD 
SCHEMATIC 
DOUBLE - 5/DED 



CODE (DEfsTT NO. 



ZI044I 



B 



I.C. TABLE 


U 1 


NE592 


U2 


740& 


U3 


MPQZ907 


U4 


CA3I4G 


U5 


74 06 


ue 


74 OO 


U7 


7404 


U3 


7400 


U9 


LM393 


UIO 


75463 


un 


NG592 


UIZ 


L/W3// 


L//3 


7486 


UI4 


7474- 


UIS 


7422/ 


UI6 


74/23 


UI7 


74/4 


UI8 


74 3S 


UI9 


suunt 


* & PIN DIP 



P/A/ L/S7" 


CTONA; , NAME 


^ OF P/A/5 


L>5£ 


J 6 


JO 


HE/ID 


J 7 


4 


POW£7? 


J 8 


34 


r/o 


J 9 


4 


TK OO 


J IO 


6 


MOTOR CNTL J NT. PACE 


J /! 


2 


wp/?r 


J /Z 


4 


INDEX 



SPARE GATES 


I. c. 


GLTV. 


L72 


1 






<J4 


/ 


L/5 


/ 


UIS 


/ 



LAST USED 


u 19 


C 37 


R39 


RPII 


TP/3 


L 3 


Ctf-20 


W9 



APPLICABLE P.C.B REM. LEVEL 






APPLICABLE ASSY. REV. LEVEL 





REVISIONS 



REV 



c 



H- 



K 



M 



A/ 



DESCRIPTION 



PRELIMINARY RELEASE 



PRE- PROP. E iLlMiE p ^ ^- ^ 7 / / 



PRE -PROD, RELEASE PER g,<?, /^a/^ 



RgV/ PET? gQ I2?S-Q 



R EV PER ETO / 2 97Q 



R EV PER BO /3Q4-S 



REU PER £0 IB 23,3 



REV REQ <=Q 132 54- 



£EV PEie. ed) /330/ 



EEV PER f(? 403&C> 



IN CORP EO. 103BI 



INCORR EO, 40 2<2><3 



PRODUCTXQN RELEASE 




B 



B 



6. COLORS REFER TD HARNESS WIRING. 

5. ALL DIODES ARE IN 444 6. 

4. CAPACITORS ARE IN /4f j ± lD7o. 

3, ALL l*?~ RESISTORS ARE '/a W. 

2. ALL RESISTORS ARE IN OHMS, l/4W,S%. 



/\ ALL ODO NUMBERED P/AJ5 AIRE CONNECTED TO GROUND. 



NOTES: UNLESS OTHERWISE SPECIFIED 



THE INFORMATION CONTAINED mEHEON iS IhE PRO 
PERT* OF TANOON CORPORATION NO PORllON OF 
IHISOATASHAU BE REUASED.DISCIOSEO USEO OR 
OUPUCAttO FOR USE IN PROCUREMENT OR MANU 
FACIURINQ WITHOUT SPECIFIC WRiTTEn PERMISSION 
FROM TaNDO* CORPORATION 



UNLESS OTHERWISE SPECIFIED 



DIMENSIONS ARE IN INCHES 
TOLERANCES 

XX t ANGULAR 

XXX J 1 1/2* 



BREAK ALL SHARP CORNERS 
APPROX 010 



y 



ATURES 






PROJ ENGR 



IzA+^ye/-^ 



DATE 

W 

7 A */& z 



f fm> 



MATL: 



landon 

CORPORATION 



TITLE 



MODEL TM-50 
READ/ WR/TE BOARD 
SCHEMATIC 
DOUBLE 51 DED 



CODE IDENT NO 



ZID44I 



DO NOT SCALE OWG SHEET / OF ^ 



bL 



i 



(&) TABLE X 



v/ERSION 


VEPSOM 




,50.0- M-nw, 5% 
g"73COO — 15 1 


r ' 

621 


R 18 


GIG 


-001 


^-TANDAS^D 


OMIT 


OMiT 


1 UF 


14-3 K \% 


04IT 


-O02 


^7 L_eD 


US& 


use 


1 UF 


143 K 1/. 


0\A\J 


-003 


FAST SEEK 
STtPftR. MOTOR 


USIE 


DSC 


.47 OF 


I i.o K Ifc 


OM\T 


-(904- 


VV/WRT PROTErCT 
LBD/ACCESS MATRIX 


USE 


usa 


1 UF 


14-5K 1% 


•41 UF 



REVISIONS 



S 



DESCRIPTION 



r^gyisep F>e«. eo i3oq4_ 



REVISED PER EO \')WZW 



REViSCrD PgR EO 132QG 



REVISED PER EzO \3*>g6 



DATE 



ih^h^ 



2\i7\& e 



3|i4te 



%&!& 




B 



I.C. TABLE 


U 1 


UDN57I2M 


U 2 


UDN57I2M 


L)3 


LM29I1 


U4 


74-0& 


U5 


74o4 


US 


7474 


07 


74\9l 


us 


742.21 


ug 


154S4- 


UIO 


LM555 



SPARE GATES 


i.e. 


QTY 






U6 


1 







LAST USED 


UIO 


CR3 


R24- 


Q2. 


C2<V 


TP3 



PIN L.IST 


COMN MAME 


#■ OP PINS 


use 


J 1 


4 


SPINDLE MOTOR 


J 2 


4 


PO\6R 


J 3 


& 


STEPPER 


J 4 


G 


CONTROL 


J 5 


£ 


DISKETTE LOADED 



B 



6 J| POC P)«HRT NUMBER , V^UOe 1 d OSAG»e^ OF CjCMPONQ^TTS 
AP=T=^clTeO 8V V^f^SlOM h4L>MBEF3 ^>C~£ "TABLE X 

5. 012. O^ErD F=OP? TT=MR CDMP, 

4. AL_U DlODeS» Atf2& 1N444-G 

3. CftR^QTORS ARE INjUf ( ± 2.0^ 

2. )% Kes>lS-TCR^,l^\A; 

I, ftLL. RE5IS10RS A«& IN OHMS, H-W^S/^ 

NOTES: UNLESS OTHERWISE SPECIFIED 



the information contained hereon is the pro- 
perty of tandon corporation no portion of 
this data, shall be released disclosed used or 
duplicated for use in procurement or manu- 
FACTURING without specific written permission 

FROM TANDON CORPORATION 



UNLESS OTHERWISE SPECIFIED 



DIMENSIONS ARE IN INCHES 
TOLERANCES 
XX i ANGULAR 

XXX ± ± i/2« 



BREAK ALL SHARP CORNERS 
APPROX 010 



y 




landon 



CORPORATION 



MODEL T"M-50 

MOTOR CCMTR0L- 

SCHEMATIO 



CODE IDENT NO 



SCALE M0NE 



2J04-39 



OO NOT SCALE DWG SHEET 



REV 

H 



B 



1 



HI U6 - 10,13 
I U8 - //, 3 

J2 IK 



SPINDLE MOTOR CONTROL 



f5V 



+ /2V 



GA/0 



/ 



1 C3 -L C/3 1 CEO X CZ*> X 

T\o»_ J4T ttt j— j— r 



+5V 



C22 



+5\/ 

L_ 



/00AT 



IK > 27* 



D/5K£rrE 
ENABLE , WMT 
5W/TC 



: v? 



NO 



(grn) NSEL 



NMOTOR ON 
CVIO) 





t 47 -±- I — U7-H te/D-a) 



+5V 



//ACTIVITY 

/so vk: . 



C* 2 



1 



REVISIONS 



REV 



DESCRIPTION 



Set SHeerr 1 




+ MOTOR (RED) 
MOTOR RET (BLU) 



SPIN TIMER 



TmE INFORMATION CONTAINED HEnEON IS THE PflO- 
PERTr OF TANOON CORPORATION NO PORTION OF 
THtSOATASHALL BE RELEASED DISCLOSED US€D OS 
DUPLICATED FOP. USE IH PROCUREMENT OR MANU- 
FACTURING WITHOUT SPECiFlCWRITTEN PERMISSION 
FROM TANDON CORPORATION 



UNLESS OTHERWISE SPECIFIED 



DIMENSIONS ARE IN INCHES 
TOLERANCES 

XX ± ANGULAR 



BREAK ALL SHARP CORNERS 
APPROX 010 



,/ 



FINISH: 






GNATURES 









DATE 



b/*jn 



^± 



TITLE 



DATE 



DR 



CHK 



B 



landon 



CORPORATION 



MODEL TM-50 
MOTOR CONTROL 
5CHEMATIC 



SIZE 

C 



CODE IDENT NO 



SCALE NQN£ 



210439 



REV 

H 



DO NOT SCALE DWG [SHEET s} OF -^ 



STEPPER MOTOR 
CONTROL 



+ 5V 




J4 



NDIRECTIGN. 
(HI « STEP IN) 



STEP 



NSTEPEN 



WHT 



12 



TP3 



BR N 



ORN 



B 



Hi (\/0-4) 



I* 



U6 
7474 



C 



: ? 



a 



« 



-/-5\/ 
3 



RP2 
Ml O/D-4; > 27K 

CI9 14 



9 
-0 



10 



(OOpf 



7 2x*s 

5 



a 



U8 
7422/ 



0. 



/2 



A// 



PA/ GLA 

UP 



/5 



U7 
74/9/ 

^4 



/ 



/f) 



"t_ Hl(i/D-4) 




10 mS 



3 ^-N/ f //£-*) 



7^*7 



r -70-/ 



TWO PHASES 




(CW) 
STEP OUT 


(ccw) 

STEP fN 


1 ON 


YEL BLK 


YEL BRN 


2 ON 


ORN BLK 


ORN BRN 


3 ON 


ORN BRN 


ORN BLK 


4 ON 


YEL BRN 


YEL BLK 



NOTES: UNLESSOTHERWISE SPECIFIED 



1 







REVISIONS 










REV 


DESCRIPTION 


DATE 


DR 


CHK 


APPR 




SEE 


SHEET 1 











-UtO-4 (l/A-3) 
7< 



+5V 



U9 



75<7£4 



RZO 

\K 







1 yy-^- 

754t>4 



J4 



Y£t 



45V 



J3 



IO B 



7404 



y^TAOA 



u / 

UDN 
57/ZM 



4-5 V 

8 






IZA I 



7404 



U2 

UDN 
S7/2M 



7T 



4 — VW 



47 /2W 



£ 






+ I2V <► 



/ 

2 


Y£TL 


3 


ORN 


4 


BLK 


5 


RED 


6 


RED 



-L94 'J- _C2_ 
* 77 



+ 5V 



VW 




f 

WT^T PROTECT 
J LJBZ> 



k&J — 



— O02 VE=Re>lOTS ONL.Y 



SINGLE PHASE 


(cw) 

STEP OUT 


(ccw) 

STEP /N 


YEL 


YEL 


BLK 


BRN 


ORN 


ORN 


BRN 


BLK 



MOTE: COLORS REFER 
= TO MOTOR 
WIRING . 



THE INFORMATION CONTAINED HEREON IS THE PRO- 
PERTY Of TANDON CORPORATION NO PORTION OF 
THIS DATA SHALL BE RELEASED DISCLOSED USED OR 
DUPLICATED FOR USE IN PROCUREMENT OR MANU- 
FACTURING WITHOUT SPECIFIC WRITTEN PERMISSION 
FROM TANDON CORPORATION 



UNLESS OTHERWISE SPECIFIED 



DIMENSIONS ARE IN INCHES 
TOLERANCES 

XX t ANGULAR 



8REAK ALL SHARP CORNERS 
APPROX 010 



y 



FINISH: 



SIGNATURES 



PROJ ENGR 



MATL 



landon 



CORPORATION 



TITLE 



MODEL TM-50 
MOTOR CONTROL 
SCHEMATI C 



SIZE 



CODE ID6NT NO 



scale NO /\|£ 



2/0439 



H 



DO NOT SCALE DWG [SHEET ^ OF 3 



B 



E 



TABLS X 



VERSION 


vswsjon 


q-7^5001 -OOI 


)5oiL )4vaa S%. 
^"73000 — iSl 


G21 


I? 18 


CI6 


-oo\ 


STANDARD 


OMIT 


OMIT 


1 UF 


I4-3K \% 


cMn 


-002 


vy^ D PT * OTt ^ 


USG 


use 


1 UF 


^4.3K IX, 


D\AV\ 


-O03 


FASTSEEK 


USE 


use 


.47 OF 


li. OK \% 


comit 


-004- 


w/wrt protect 
led/Mc^es^ matrix 


U^E. 


usa 


1 UF 


143K 1% 


•41 UF 



REVISIONS 



REV 



S 



DESCRIPTION 



reevtsep p^r esq i3oq4- 
KEVlSbD PER EG |31Q"^3" 



RB/iSED F 1 ^^ EO I320G 



REVISED PER EzO \tt3t? 



PRODUCTION f?ELEA^E EO <+0VBO 



APPR 




B 



i.e. TABLE 


1 


U0N57IZM 


u 2 


UPN57IZM 


U3 


LM29IT 


U4 


7406 


U5 


7404 


US 


74-74- 


07 


74191 


08 


742.21 


U9 


~154€4- 


0\0 


LM555 



SPARE GATES 


i.e. 


QTY 






1)6 


1 







LAST USED 


UIO 


CRS 


Re4 


Q2. 


CZ4 


TP3 



PIN UST 


CONN WAME 


# OP PINS 


use 


J I 


4 


SPINDLE MOTOR 


J 2 


4 


POwGS 


J 3 


& 


STEPPER 


J 4 


G 


CONTROL 


J 5 


2. 


DISKETTE LOADED 



B 



Af=F=^<CT^D BY V&^SIOW NUMBER ( ^>C~& ~T7\Bl_e X 
5. CI 2. U6ED f=OR -T-EMR GDMP. 
4. ftLJ- OIOD£<=> A£2£ IN4-4 4-& 
3. CPiR\C|TORS /\R6 lM>>f ( ± e0°/ 

2.1% rees>iSTOR^ !^ w 

I. ALL- RESISTORS AP?G- IN OHMS, Kw,5/^ 

NOTES: UNLESSOTHERWISE SPECIFIED 



THE INFORMATION CONTAINED HEREON IS THE PRO- 
PERT* OF TANDON CORPORATION NO PORTION OF 
THIS DATASHAU BE RELEASED DISCLOSED USED Oft 
OUPllCATtO FOR USE IN PROCUREMENT OH UANU 
FACTORING WITHOUT SPECIFIC WflilTEN PERMISSION 
FROM TANOON CORPORATION 



UNLESS OTHERWISE SPECIFIEO 



OlMENSlONS ARE IN INCHES 
TOLERANCES 

XX i ANGULAR 

XXX i ] 1/2* 



TITLE 



BREAK ALL SHARP CORNERS 
APPROX 010 



y 



FINISH: 




landon 



CORPORATION 



MODEL TM-50 

M0~TOR CON 71=50 L_ 

SCHEMATIC- 



CODE IDENT NO 



scale Moi\ie 



OWG NO. 



2.10 4-39 



OO NOT SCALE DWG [SHEET j~ 



REV 

J- 




£nrjui.i/«« 



STEPPER MOTOR 
CONTROL 



+ 5V 




J4 



NDIRECTIGN 
(H\ 'STEP IN) 



STEP 



N5TEPEN 



WHT 



12 



TP3 

® 



B 



HI (\/d-4) 
P 



i' 



D Q 

U6 
7474 

>CLK a 

' C 



i a 



T 



a 



/4 



+5V 
3 



C RP2 
HlO/D-4; < 27K 




o 



// 



PA/ 
UP 



/5 



OA 

U7 

74191 

o 



/ 



/C) 



"t- Zl(l/D-4) 



TWO PHASES 




(cw) 

STEP OUT 


(ccw) 

ST£P IN 


1 ON 


YEL BLK 


YEL BRN 


Z ON 


ORN BLK 


ORN BRN 


3 ON 


ORN BRN 


ORM BLK 


4 ON 


YEL BRN 


VEL BLK 



NOTES. UNLESSOTHERWISE SPECIFIED 




-LM0-4 (l/A-3) 
7, 



U9 




-X- 



75464 




754^4 



■U5>0 
S74t 



IO B 



7404 



/"T404 



^%>ci 



12 A I 



7404 



SINGLE PHASE 


(cw) 

STEP OUT 


(ccw) 

STEP IN 


YEL 


YEL 


BLK 


BRN 


ORN 


ORN 


BRN 


BLK 



REVISIONS 



REV 



DESCRIPTION 



^EE SH££T I 



+5V 



RZO 
IK 



J4 



YEL 



-A5V 

a 



J3 



U / 

UDN 
S7IZN\ 



U 

-/-5V 

Is 



U2 

UDN 
S7IZM 



TL7 



£ 



Rl 

—AAA/ 

47 Vt\N 



£ 




+ 12 V 



/ 

2 
3 
4 
5 
6 



Y<fL 
6/? A/ 
OK/VJ 

RED 



+ 



-- C4 ^J- c_2_ 



+ 5V 



R2A 



X 



1 



WF<TT" PROTECT 




/ 



033 



[6] "= 



^-002. V^R^IOTS ONLY 



DATE 



DR 



CHK 



APPR 



MOTEi COLOR5 REFER 
= TO MOTOR 
WIRING. 



B 



THE INFORMATION CONIAINEO HEREON IS THE PRO 
PER1V Of TANDOU CORPORATION NO PORTION OF 
THIS DATA SHALL BE RELEASED DISCLOSED USEOOR 
OUPUCAIED FOR USE IN PROCUREMENT OR MANU 
f ACTURINQ WITHOUT SPECIFIC WRITTEN PERMISSION 
fflOM TANDON CORPORATION 



UNLESS OTHERWISE SPECIFIED 



DIMENSIONS ARE IN INCHES 
TOl ERANCES 
XX t ANGULAR 

XXX 1 ] \I2* 



BREAK ALL SHARP CORNERS 
APPRO* 010 



y 



FINISH: 



SIGNATURES 



PROJ ENGR 



/ 



DATE 



MATL: 



landon 



CORPORATION 



TITLE 



MODEL Th/\-50 
MOTOR CONTROL 
SCHEMATIC 



SIZE CODE IDENT NO 



SCALE MQM£ 



£10439 



J 



DO NOT SCALE DWG [SHEET ^ Of 3 



TANDON CORPORATION 
20320 PRAIRIE STREET 
CHATS WORTH, CA 91311 

TELEPHONE NUMBER: (213) 993-6644 
TELEX NUMBER: 194794 
TWX NUMBER: 910-494-1721 



P/N 179DDD-00lA(12/83) 



PRINTED IN THE U. S. A. 



v 









- 



"» 
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BILSTON ROAD WEDNESBURY 
WEST MIDLANDS WS10 7JN 
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